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SITE INDEX OF IOWA UPLAND OAK STANDS1
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ABSTRACT. This study was undertaken to determine whe-
ther site index curves from "Yield, Stand, and Volume 
Tables for Evenaged Upland Oak Forests" by G. Luther 
Schnur were adequate for use in Iowa. Site -index curves 
were prepared from data collected on Z44 oak trees on 
61 plots in 11 counties in Iowa. These curves com-
pared favorably to Schnur's curves in the tests made. 
Certain relationships between site index and site char-
acteristics were then evaluated and quantified. 
INTRODUCTION 
Resource managers faced with the problem of deciding on appropriate 
uses for land have found it difficult to judge the potential productivity of 
Iowa land in terms of wood products. Recent soil classification studies 
are attempting to remedy this problem by evaluating forest soil types in 
terms of woodland suitability groups, site index3, and annual yield in 
board feet. The Soil Survey for Bremer County, Iowa (U. S. D.A. 1967) 
and "Woodland Suitability Groups" (Harmon 1967) are excellent contribu-
tions to the manager's understanding of a given soil type's wood-yielding 
prospects. 
Unfortunately, the current statements of site index and wood yield are 
taken from the only source available, "Yield, Stand, and Volume Tables 
for Evenaged Upland Oak Forests" by G. Luther Schnur (1937). Although 
this is an excellent work, none of Schnur's data came from Iowa. This 
leads one to question whether these site-index curves and volume yields 
are adequate for this state since a transition between the eastern hard-
wood forests and the drier western prairies exists in Iowa. Could this 
result in different growth patterns and a need for different site-index 
curves ? 
Because complete yield tables are extremely expensive to produce, it 
is advantageous to use previously published tables rather than developing 
new ones. Most managers would accept this substitution if a sample of 
50 plots could be shown to have statistically indistinguishable site indexes 
and volume yields regardless of the yield tables used. 
r Journal Paper No. J-6201 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1457. 
a Forester, U. 5. Forest Service, and Professor of Forestry, Depart-
ment of Forestry, Iowa State University. 
s 
Site index is the total height of dominant trees in a forest stand at a 
specified age, which for this study is 50 years. This is then used as a 
means of classifying forest sites and evaluating their potential produc-
tion in explicitly defined units of utility. 
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To determine the applicability of the Schnur site-index curves to Iowa 
conditions, a site-index curve was constructed from Iowa data supplied 
by the Soil Conservation Service by Mr, Sylvan Runkel (Harmon 1967). 
This paper examines the results obtained by the two site curves and then 
evaluates a few of the relationships between site index and site charac-
teristics for upland oak stands in Iowa. 
Plots were located so that they included only the forested area of a 
desired soil type. Dominant trees falling within a 10-factor prism plot 
were selected for measurement. From these original data, 61 plots 
were selected of at least 50% crown density and at least 50% oak in the 
overstory. Measurements were made on 244 oak trees in these plots. 
The general characteristics of the plots are shown in Tables 1, 2, and 3. 
Table 1. Distribution of the plots. 
Eastern Iowa Number Western Iowa Number 
Counties of plots Counties of plots 
Bremer 1 Crawford 1 
Howard 11 Cherokee 4 
Iowa 4 Monona 4 
Johnson 7 Woodbury 5 
Linn 1 
Poweshiek 1 
Winneshiek 22 
Table 2. Species composition on all sample areas. 
Species Percent 
White oak 29. 6 
Red oak 18. 2 
Black oak 14. 0 
Bur oak 13. 5 
Pin oak 1.6 
Elm 9. 6 
Hickory 3. 0 
Basswood 2. 7 
Maple 2. 5 
Black walnut . 9 
Aspen . 7 
Hackberry . 7 
Ironwood . 6 
Boxelder . 5 
Chokecherry . 5 
Ash , 4 
Cherry . 2 
Miscellaneous . 8 
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Table 3. Range in stocking and proportion of oak on sample areas. 
Plot characteristic Low Mean High 
Percent oak in overstorya
a 
Crown density (all species) 
b 
Basal area per acre (all species) 
50% 
50% 
60 sq, ft. 
77% 
76% 
1 Z2 sq. ft. 
100% 
95% 
Z00 
sq. ft. 
a 
Ocular estimates made in field 
b 
10-factor prism estimates made in field 
CONFIRMATION OF SITE-INDEX CURVES 
Site-index curves were prepared by the graphical procedure outlined 
in Schnur (1937), with the exception that no adjustment was made for 
polymorphism, the variation in shape among the several curves at vari-
ous levels of site quality. Adjustment for this change cannot be adequate-
ly based on a small amount of data. The average site-index value ob-
tained for the plots contributing to these curves was compared to the 
average value for the plots when site-index values were read from 
Schnur'. s curves. These averages and their associated 95% confidence 
intervals are given in Table 4. 
Table 4. Comparison of Mean Site-Index Values from Schnur and Iowa Curves 
Method Site Index 95% Confidence Interval 
Schnur's 52 Prob. 50.4 < u < 53.2 = .95 
Iowa 51 Prob. 49.5 ~ '~ ~ 52.2 = .95 
Table 5. Comparison of Heights of Dominants from Schnur and Iowa Site 
Index 50 Curves 
Age 
(years) 
Ht. of Dominants 
from Schnur's 
Site Index 50 
Curve (feet) 
Ht. of Dominants 
from Iowa Site 
Index 50 Curve 
(feet) 
Difference 
(Iowa-Schnur) 
(feet) 
20 23 29 +6 
30 33 37 +4 
40 42 44 +2 
50 50 50 0 
60 56 56 0 
70 60 60 0 
80 62 63 +1 
90 64 65 +1 
100 65 67 +2 
110 65 69 +3 
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One can readily see from the overlapping of the confidence intervals 
that there is no significant difference between the average site indexes as 
determined by the two sets of curves. While the Iowa site-index curve 
appears to be tangent to Schnur's curve at the mid-ages, it falls notice-
ably above at the younger ages of 20 and 30 years. Although the data of 
this study are insufficient for detailed inspection of these age classes, a 
commonly held belief is supported; that is, trees do well in Iowa during 
their early years until the multiple rigors of the environment depress 
this rate of growth. It does not pay to speculate too much on the shape 
of site-index curves, however, for the process of averaging together 
height-age data from many sites often obscures the actual growth curve 
that trees from any one site might follow. 
Small differences in site-index values can result in large volume dif-
ferences, so the effect of these differences was investigated. Since no 
field volumes were available on the Iowa plots, the comparison was made 
under the plausible assumption that plots of equal site-index values ob-
tained by either method would have equal volumes. Therefore, Schnur's 
volumes were used for site-index values obtained from both sets of 
curves. The average volume per acre estimated from each set of curves 
and the associated 9~f/o confidence intervals are shown in Table 6. Again 
the amount of overlapping of the confidence intervals indicates that there 
is no statistically significant difference between the mean volumes of 
this set of plots regardless of the method for determining site index. 
Table 6. Comparison of Average Predicted Volumes From Schnur and Iowa 
Site-Index Curves 
Mean Vol./ Acre, Bd.Ft. 
Method International 1/8" Rule 95% Confidence Interval 
Schnur's site 
index values 
Iowa site 
index values 
11,026 
10,628 
Prob. 
Prob. 
10,237 < u < 11,814 
9,889 < u. < 11,367 
= 
= 
.95 
.95 
Since the site-index values and the resulting volume estimates from 
Schnur's site-index curves are not significantly different from curves 
similarly prepared from data collected in Iowa, it seems that Schnur's 
curves are adequate for site classification of Iowa upland oak stands and 
may be used safely by land managers. 
RELATIONSHIPS BETWEEN SITE INDEX AND STAND 
AND SITE CHARACTERISTICS 
Having confirmed that site curves appropriate to Iowa do exist, atten-
tion can now be focused on identifying these characteristics of the en-
vironment that influence stand productivity. 
The land manager concerned in selecting sites adapted to timber pro-
duction must understand the impact of species composition and stand 
density on tree height lest he assume a potential for productivity that is 
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not there. Further, the manager must familiarize himself with specific 
factors of the environment that contribute to the productivity of an area 
because site quality will sometimes have to be predicted in areas where 
no trees are present. 
Other researchers have studied some of the specific factors of site 
evaluation, but only the readily measurable and grossly integrative 
factors of A-horizon thickness, steepness of terrain, and longitudinal 
position within the state are evaluated here. 
Species Composition 
Since upland oak stands consist of several species of oak, the growth 
habits of those included in the data were analyzed by comparing the ave-
rage heights of individual dominants of each species at 50 years of age, 
through the use of site -index curves (Table 7). There is no significant 
difference between the heights of black and red oak at 50 years of age. 
White oak, however, is significantly shorter than black and red oak, with 
bur oak significantly shorter than all three species. Site index of an 
area could vary depending upon the species of oak used to determine it. 
This is further evidenced by the highly significant and positive, linear 
regression between site index and percent age red and black oak in the 
overstory of the stand (Regression I, Table 8). 
Table 7. 
Species 
Average Heights of Individuals of Species at 50 Years of Age 
Number of Trees Mean Ht. 95% Confidence 
in Sample at 50 yr. Interval 
in ft. 
Black oak 49 58 Prob. 57 < u < 59 = .95 
Red oak 59 57 Prob. 56 ~ u ~ 59 = .95 
White oak 92 52 Prob. 51 < u < 54 = .95 
Bur oak 44 39 Prob. 38 ~ u ~ 41 = .95 
This height difference, however, may not be entirely due to the growth 
habit of the species. Through natural-competition pressures, the species 
may be distributed such that red and black oak grows on the better sites, 
and bur oak may be able to survive on poorer sites than red and black oak. 
Stocking 
Crown density and basal area per acre are both acceptable measures 
of stocking, and both were used in this study. An acceptable measure of 
site quality should be independent of age and independent of stocking over 
all except the lower levels of stocking. But extensive examinations of 
aerial photographs led us to believe that low sites in Iowa could often be 
identified by their low levels of stocking. We assumed that this was so 
because of the slow recovery of cut-over stands located on poor sites. 
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Table 8. Relationships between site index and site characteristics 
of Iowa upland oak plots where Y =site index, Xl  =percent 
red and black oak in the overstory of the stand, X2 =crown 
density in percent, X3 =percent slope, and X4 =depth of 
A-horizon in inches. 
Regression 
Correlation 
Coefficient 
I. Y = 47.398 + 0.136X1 +0.353** 
II. Y = 83.084 - 0.413X2 -0.474** 
III. Y = 56.839 - 0.423X3 -0.434** 
IV. Y = 42.745 + 0.962X4 +0.261* 
**Significant at 99% 
*Significant at 95`/a 
Thus, we were somewhat surprised to find that a linear regression be-
tween site index and crown density was highly significant but in a negative 
direction (Regression II, Table 8). A linear regression between site 
index and basal area per acre, however, was not significant with a corre-
lation coefficient of 0. 131. 
A linear regression was then fitted to crown density over basal area 
per acre, resulting in a correlation coefficient of 0.242, which is not 
significant at the 95% level of confidence. This is of importance to 
aerial-photo interpreters who use crown closure as a measure of stock-
ing in the determination of stand volume. Since crown density shows no 
significant correlation to basal area per acre in this study, site index 
would be expected to have different correlations with these two variables. 
To resolve the problem of whether or not site index is correlated with 
stocking, one must realize that crown density was an ocular estimation 
from the ground and that basal area observations were taken with a 
prism. Because of the greater accuracy of the prixm observations, the 
ground-measured basal area data would result in the stronger evidence, 
leading to the conclusion that site index for the upland oaks is not corre-
lated with the levels of stocking encountered in this study. The results 
of McComb and Thomson (1957) are in general agreement with the find-
ings of the current study in that stocking made little difference in meas-
ured site index when basal areas were more than 71% of normal. In con-
trast to the current findings, however, extremely low stocking levels 
were associated with shorter tree heights. 
Soil Characteristics 
Site index was correlated with percentage slope and depth of A-horizon. 
Linear regression III in Table 8 indicates that the plots on the steepest 
slopes had the lowest site-index values, which agrees with the findings of 
Einspahr (1951). Linear regression IV in Table 8 indicates that the plots 
with thinner A-horizons generally had slightly lower site-index values. 
SITE INDEX OF IOWA UPLAND OAK STANDS 7 
Regression III and IV might be expected if one assumes that increased 
runoff on steeper slopes reduces the amount of water that infiltrates the 
soil, thereby increasing soil erosion. Increased erosion reduces the 
thickness of the soil profile, resulting in a reduction of the amount of 
structured material available to hold moisture. The net result would be 
less soil moisture available on the steeper slopes, in turn decreasing 
productivity and site index. 
Because the correlation coefficient of regression IV was barely sig-
nificant at the 95% probability level, a linear regression was fitted to 
depth of A-horizon over percentage of slope. The correlation coeffi-
cient of this regression was 0. 115, which is not significant at the 95% 
level. This could partly explain the weakness of regression IV. Also, 
vegetation is influenced by the underlying materials; such as bedrock, 
hardpan, and palesols below the A-horizon (Oschwald et al. 1955). 
The extreme variation encountered in the soils under study ranged 
from nonglaciated soils, through soils derived from glacial till, to soils 
derived from loess. This possibly explains why depth of A-horizon is 
not correlated to percentage of slope in these data. 
Eastern and Western Iowa 
The data obtained in eastern Iowa were separated from those obtained 
in western Iowa. The average site-index values were compared, and the 
average for each area, with its associated 95%-confidence interval, is 
given in Table 9. Since the confidence intervals do not overlap, the inte-
grative effect of longitude is convincingly confirmed, and the steady 
diminution of oak heights from eastern Iowa to the Missouri River is 
emphasized. 
Table 9. Average Site Index Values for Eastern and Western Iowa 
Location Site Index 95~/ Confidence Interval 
Eastern Iowa 54 Prob. 53 < u ~ 56 = .95 
Western Iowa 39 Prob. 37 < u. < 41 = .95 
IMPLICATIONS OF RESULTS 
Current soil survey reports, such as the one for Bremer County, Iowa 
(U. S. Dept. Agr. 1967), evaluate forest land by means of woodland suit-
ability groups, site index, and annual yield in board feet. "Woodland 
Suitability Groups" (Harmon 1967) has filled a gap by relating 5chnur's 
site-index values to site characteristics through the use of soil types. 
The current study supports Harmon's work by showing that Schnur's 
site-index values are adequate for use in Iowa. 
The next logical step will be to verify the volume estimates that result 
from the site-index curves in "Yield, Stand, and Volume Tables for Even-
aged Oak Stands" so that productivity may be quantified in merchantable 
units. Eventually, we may be able to predict productivity potential in 
satisfactory units from a multiple regression of selected environmental 
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characteristics. Then, each site could be evaluated on the basis of its 
individual characteristics, and the results from changes in the forest 
stand through management practices could be evaluated. This could then 
be used to determine the optimum levels of those practices to apply to a 
given site. 
SUMMARY 
Relationships between site characteristics and site index were ana-
lyzed, with all factors showing natural variation. Under these conditions: 
1. Site index was positively correlated with percentage of red and 
black oak in the stand, 
2. Site index was positively correlated with depth of A-horizon. 
3. Site index was negatively correlated with percentage of slope. 
4. The average site index in western Iowa was 15 feet lower than 
in eastern Iowa. 
5. No significant correlation was found between site index and stock-
. ing percentage when basal area was the criterion of density, 
Site-index curves were prepared from natural stands of Iowa upland 
oaks and compared with the curves in "Yield, Stand, and Volume Tables 
for Evenaged Upland Oak Forests" by G. Luther Schnur. The curves 
prepared showed that 5chnur's curves were adequate for site classifica-
tion of upland oak stands in Iowa. Planners are thus encouraged to rely 
on the Schnur tables for ranking the forest potential soils. Further work 
should verify or correct the yield potential of the several sites in units 
appropriate to concerned users. 
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REARING THE EUROPEAN CORN BORER,  OSTRINIA NUBILALIS 
(HUBNER), ON DIETS CONTAINING CORN LEAF AND WHEAT GERM1
Leslie C. Lewis and Robert E. Lynch 
Entomology Research Division, Agr. Res. Serv. , U. S. D.A. 
Ankeny, Iowa 5 00 Z 1 
ABSTRACT. A wheat germ diet for rearing the European 
corn borer, Ostrinia nubilalis  (Hubner), was developed 
and compared with a corn leaf diet. The wheat germ 
diet was more convenient and was equal in performance 
except that male pupae weighed less. 
Economy, simplicity of use, and the performance of the insect are 3 
criteria that must be considered when synthetic diets are developed for 
laboratory rearing. Several satisfactory diets have been developed for 
the European corn borer, Ostrinia nubilalis (Hubner) (Becton et al. 1962, 
Beck and Hanec 1958, Beck and Stauffer 1950, George et al. 1960, Guth-
rie et a_l. 1965, Surany 1957), but some include dried corn tissue that is 
difficult to obtain, and others can only be used with aseptic conditions. 
Since wheat germ diets for rearing phytophagous insects have been 
described by several authors (Adkisson et al. 1960, Vanderzant et al. 
1962, Keaster and Harrendorf 1965), Lewis and Raun (1966) compared 
the consumption and utilization of laboratory diets containing corn leaf, 
water extract of corn leaf, or wheat germ by the European corn borer 
and concluded that the wheat germ diet was used most efficiently by the 
borer. The larval and pupal weights of insects reared on wheat germ 
were equal to the weights of insects reared on the other 2 diets. How-
ever, a greater proportion of moths emerging from pupae reared on 
wheat germ diet were abnormal (external morphology). Thus, if this 
percentage of abnormalities could be eliminated, the wheat germ diet 
would be the most desirable diet for rearing the corn borer. 
The present paper describes the development and testing of a wheat 
germ diet for rearing the European corn borer done at the Corn Borer 
Investigations Laboratory at Ankeny and the comparison with the diet 
containing corn leaf. 
Selection of the Diet 
As noted, the corn leaf diet, described by Guthrie et al. (1965) was 
satisfactory for rearing the corn borer except for the cost and incon-
venience of preparing the leaf material. Therefore, yeast, wheat germ 
1 Accepted for publication May 11, 1969. Journal Paper No. J-6188 of 
the Iowa Agriculture and Home Economics Experiment Station, Ames, 
Iowa. Project No. 1687. 
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oil, and the corn leaf were eliminated from the corn leaf diet, and wheat 
germ was added as in the wheat gern diet of Lewis and Raun (1966) ex-
cept that cholesterol and ascorbic acid were included in an attempt to 
eliminate the high percentage of abnormal adults. By using this basic 
formula, 4 wheat germ diets were prepared with different levels of dex-
trose, casein, and salt mixture no. 2, and cooked as described by Guthrie 
et al. (1965). Then these 4 diets were compared with each other and 
with the corn leaf diet (Table 1) . 
Table 1. Diets tested during the development of the wheat germ diet. 
Ankeny, Iowa. 
Ingredients 
Diet number 
1 2 3 4 5 
Watera~ 3000 3000 3000 3000 3000 
Agarb~ 70 70 70 70 70 
Dextroseb~ 185 185 100 100 100 
Caseinb~ 110 110 110 110 110 
Cholesterolb~ 8 8 8 8 8 
Salt Mixture no. 2b~ 36 13 36 13 13 
Yeastb~ 52 
Wheat germ oil~~ -- g 
Vitamin supplementb~ 23 23 23 23 23 
Ascorbic acidd~ 30 30 30 30 30 
Sorbic Acidb~ 1.5e~ 1.Se~ 1.5e~ 1.5e~ 1.Se~ 
Wheat germb~ 130 130 130 130 
Corn leaff~ 135 
a~ml; all other measurements are g 
b~Nutritional Biochemicals Corp., Cleveland, Ohio 
~~Viobin Corporation, Monticello, Illinois 
d~Merck and Co., Inc., Rahway, New Jersey 
e~Dissolved in 7.5 ml of 95x ethyl alcohol 
f~Ground whorl leaves of WF9 X M14 
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The preliminary test was set up in a complete random block design 
with 5 replications and 34 larvae-replication. The test larvae (obtained 
from adisease-free culture that had been laboratory-reared on corn leaf 
diet for 4 generations) were placed in shell vials on a plug of diet and 
incubated at a temperature of 80 ° F and an RH of 75% in constant light for 
21 days. After pupation, the pupae were weighed and placed in plastic 
jelly cups for emergence; then single pairs of emerged moths were mated 
in wire cages (Raun et al. 1967) maintained in an oviposition room with 
a controlled environment as follows: 80°F and 75% RH for 16 hr with 
constant artificial light; 8 hr darkness with temperature decreasing to 
65°F. These conditions are favorable for inducing mating and oviposi-
tion. All eggs obtained from the matings were placed in an incubator 
held at a temperature of 80°F and RH of 75% with continuous artificial 
light and allowed to hatch. The following biological data were gathered: 
(1) percentage pupation of surviving insects at 21 days, (2) percentage 
normal emergence, (3) percentage mated females, (4) percentage egg 
hatch, (5) pupal weight, and (6) number of larvae produced from mated 
females. Percentage egg hatch was determined by examining the masses 
with a binocular dissecting microscope. 
Table 2. Effect of diet on the biology of the corn borer. Ankeny, Iowa, 1967. 
Diet 
X 
pupation 
X normal 
emergence 
x mated 
~ 
7 egg 
hatch 
Pupal weight (mg) 
d' g 
No. larvae/ 
mated ~ 
1 98.3 90.0 80.0 36.7 82.6 110.6 85.3 
2 78.3 87.6 90.0 18.7 81.5 112.2 35.5 
3 99.3 87.6 95.0 43.0 82.4 110.0 107.8 
4 95.9 81.3 85.0 0.01 82.5 109.8 1.1 
5 100.0 94.8 85.0 31.9 86.8 121.9 70.9 
Diet 3 of the wheat germ diets had the highest egg hatch, percentage 
mating, and most larvae produced mated (Table 2), and had high per-
centage pupation at 21 days after larval hatch. Since diet 3 was the best 
of the 4wheat germ diets and was better in some ways and equal in others 
to the diet containing corn leaf, it was selected as the wheat germ diet 
to be compared with the corn leaf diet to determine whether long term 
rearing over several generations would have adverse effects on the corn 
borers. 
Comparison of 2 Diets 
Larvae used for the comparison were collected from overwintering 
corn stalk debris in December 1966 and held at 40 ° F until September 
1967. Then the larvae were placed in an incubator at a temperature of 
80 ° F and an RH of 75% with continuous light. As the larvae pupated, the 
pupae were placed in oviposition cages for emergence and oviposition. 
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Also, eggs from these moths were heat treated in an attempt to elimi-
nate Perezia pyraustae Paillot (Raun 19 61) . When the eggs hatched, the 
larvae were used to establish 2 colonies of insects, 1 on the corn leaf 
diet and 1 on wheat germ. 
The test was a randomized block design with 3 subsamples~treatment 
and 170 larvae~subsample. Replication was over generations with gen-
erations 1, 2, 3, 4 and 7 constituting the 5 replications. A camel's hair 
brush was used to place each larva in individual 5-dr shell vials contain-
ing aplug of diet. All conditions of incubation were the same as those 
used in the selection of the preferred wheat germ diet. 
The following biological data were gathered: (1) percentage survival 
of insects at 21 days after hatch, (2) percentage pupation of those sur-
viving at 21 days, (3) pupal weights, (4) egg production female, and (5) 
percentage egg hatch. The data on egg production were obtained by plac-
ing the remaining pupae from all replications of 1 treatment in a single 
24 x 12. 5 x 18 in. high oviposition cage. Then 15 randomly selected egg 
masses laid each day of the oviposition period were examined with a bi-
nocular dissecting microscope to determine percentage egg hatch. Also, 
X20 pupae were randomly selected for weighing. Table 3 summarizes the 
data gathered from this experiment. 
The corn borers reared on the wheat germ diet or the corn leaf diet 
did not differ significantly except in male pupal weights. The male pupae 
reared on the corn leaf diet were significantly heavier than those reared 
on the wheat germ diet (Table 3) (an average of 75. 47 mg compared with 
an average 72. 68 mg). However, there were significant differences be-
tween replications (generations) with each diet in percentage survival, 
percentage pupation and male pupal weights: percentage survival ranged 
from 56.06 in replicate 3 to 98.62 in replicate 5 for larvae reared on the 
corn leaf diet, and from 56. 07 in replicate 3 to 98.03 in replicate 5 for 
larvae reared on the wheat germ diet. Percentage pupation at 21 days 
ranged from 77.54 in replicate 4 to 98.89% in replicate 3 on the corn leaf 
diet and from 73. 49 in replicate 4 to 100% in replicate 3 on the wheat 
germ diet. All other values of percentage survival and pupation were 
intermediate. The differences were prohably caused by fluctuations in 
the humidity and temperature of the rearing room since an accidental 
change in the preparation of the diet was unlikely: both diets were pre-
pared in 2 separate cooking s, and the low means occurred in the same 
replications. Also, these lower values could have been caused by a high-
er rate of infection by _P,  pyraustae in these replications since this pro-
tozoan affects the developmental rate of the corn borer (Zimmack and 
Brindley 1957). The means for the pupal weight ranged #rom 72. 65 mg 
in replicate 4 to 78.72 mg in replicate 5 for pupae from larvae reared on 
the corn leaf diet and from 69.27 mg in replicate 2 to 75.97 mg in repli-
cate 5 for pupae from larvae reared on the wheat germ diet. All other 
values were intermediate. 
The European corn borer has now been reared on the wheat germ diet 
for 32 generations at this laboratory, and the performance of these bor-
ers is not significantly different from that of borers reared on corn leaf 
diet for 62 generations. 
Thus, corn borers reared on wheat germ diets will perform as well 
as borers reared on corn leaf diet. Therefore, the wheat germ diet is 
recommended for laboratory use because it is more convenient. 
DIETS FOR THE EUROPEAN CORN BORER 13 
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CUTANEOUS NERVES OF THE TRUNK OF THE PIG WITH 
SPECIAL REFERENCE TO THE SPINAL NERVES1
PART II: CUTANEOUS NERVES OF THE THORACIC REGION 
S. S. GandhiZ and R. Getty3
ABSTRACT. In eight embalmed and two fresh specimens 
three methods of approach —centripetal, centrifugal and 
medial were used to document the various cutaneous 
nerves given off by the thoracic spinal nerves. The 
results show, in general, the pattern of origin, branch-
ing, distribution, and area of ramification of the cuta-
neous nerves of the thoracic region. There were com-
monly fifteen pairs of thoracic spinal nerves and each 
divided into dorsal and ventral branches which emerged 
through the dorsal and ventrolateral vertebral foram-
ina, respectively. The dorsal branches further sub-
divided into medial and lateral branches, both termi-
nating as cutaneous twigs on the dorsal and dorsolater-
al aspects of the thoracic region. The medial branches 
followed, essentially, two courses, as the course fol-
lowed by the first 10 or 11 branches was different than 
that followed by the last 5 or 6 branches. The ventral 
or intercostal nerve gave off three cutaneous branches 
—the perforating, lateral, and distal lateral cutane-
ous branches —and terminated as the ventral cutaneous 
branches. These were responsible for the innervation 
of the skin of the lateral, ventrolateral and ventral 
aspects of the thoracic region. 
INTRODUCTION 
This article, a continuation of Part I (the cervical region) (Gandhi and 
Getty 1969), describes the various cutaneous nerves given off by the 
thoracic spinal nerves. The results obtained show, in general, the pat-
tern of origin, branching, distribution, and the area of ramification of 
the cutaneous nerves of the thoracic region. It is hoped that the studies 
will be useful in applied anatomy, regional anesthesia, cluiical diagnosis 
and the localization of various lesions of the spinal cord. 
I Original results from a 1966 M. S, thesis by Dr. Gandhi under the di-
rection of Dr. Getty, Department of Veterinary Anatomy, Iowa State 
University of Science and Technology, Ames, Iowa 
z Present address: Department of Pharmacology, St. Louis University 
School of Medicine, 1402 South Grand Blvd. , St. Louis, Missouri. 
3 Professor and Head, Department of Veterinary Anatomy, Iowa State 
University of Science and Technology, Ames, Iowa 
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MATERIALS AND METHODS 
Eight specimens were embalmed by the usual embalming technique 
used in the department. All the cutaneous nerves arising from the spinal 
nerves of the thoracic region were studied in detail regarding their ori-
gin, course, branching and approximate areas of ramification. Essen-
tially, three methods of approach for dissection—centripetal, centrifugal 
and medial were applied. The dissection was initiated by two straight 
paramedian incisions and then the skin was reflected ventrolaterally by 
two 8-inch incisions at the level of the seventh cervical vertebra and 
tuber coxae, respectively. Then amid -dorsal incision was made to 
these levels and the skin was carefully reflected. The first series of 
cutaneous nerves was picked up. Next, a horizontal incision was made 
Z inches below this level to pick up the next series of cutaneous nerves 
and so on. During dissections, nerves were painted yellow with latex 
and some photographs and drawings were prepared. Two fresh speci-
mens were used for determining the termination of the intercostal nerves 
by the medial approach. 
RE5U LTS 
Lateral (external) thoracic nerve (N. thoracicus lateralis (Figs. 1-4) 
The cutaneous branches originating from the plexus brachialis have 
not been studied in this investigation. However, since the lateral (exter-
nal) thoracic nerve was found to be closely associated with the innervation 
of the thoracic and part of the abdominal region it was investigated 
thoroughly. 
In all specimens examined, it was seen to arise from the plexus 
brachialis. Its fibers were mainly constituted by the ventral branches of 
the eighth cervical and first thoracic spinal nerves. It was given off just 
below the head of the first rib, then took a caudoventral course along it, 
lying under cover of the M. serratus ventralis thoracis. At the level of 
the fourth or fifth rib it took a gradual turn to follow an almost straight 
caudal course under the posterior deep pectoral (M. pectoralis ascendens). 
At the level of the costochondral junction of the first rib, it gave off a 
long slender branch which traversed in a caudoventral direction, cross-
ing the lateral cutaneous branches of the second to fifth perforating 
branches of the intercostal nerves. It spread out as cutaneous branches 
almost in the middle of the lateral thoracic wall at the level of the fifth 
to sixth ribs. 
The main trunk continued caudoventrally; and, during its course, gave 
off small twigs, which, in some cases, joined the distal lateral cutaneous 
branches of the perforating branches, usually the third, fourth, and fifth 
and sometimes the sixth. At the level of the eighth or ninth intercostal 
space it emerged through the muscles to lie superficially under the M. 
cutaneus trunci. After a short distance it further subdivided into two 
branches, dorsal and ventral. The dorsal branch was very fine, slender 
but long, took a dorsocaudolateral course and was embedded in the M. 
cutaneus trunci. It gave off a number of twigs for the subcutaneous 
muscle and the skin of the ventrolateral aspect of the thoracic wall. After 
nearly reaching the plica it turned dorsally toward the flank region and 
CUTANEOUS NERVES OF THE PIG 17 
finally ramified in the skin of this region. The stronger ventral branch 
further subdivided into two branches. Both of these gave off twigs to the 
skin around the penis and prepuce in the male and finally ramified in the 
M, retractor penis. In the female these branches ramified in the skin 
just above the mammary glands. 
Thoracic nerves (Nn, thoracici) (Figs. 1-4) 
The number of thoracic spinal nerves varied depending upon the num-
ber of thoracic vertebrae present in a particular specimen. In seven of 
the specimens dissected there were fifteen pairs; in two specimens, 
fourteen pairs; and in one specimen, sixteen pairs of thoracic spinal 
nerves. Each thoracic spinal nerve divided into dorsal and ventral 
branches and these emerged through the dorsal and ventral lateral ver-
tebral foramina, respectively, lying along the thoracic vertebra with the 
corresponding number. The dorsal branches further subdivided into 
medial and lateral branches, both terminating as cutaneous twigs inner-
vating the dorsal and dorsolateral aspects of the thoracic region. The 
ventral branches, except for the last, continued as the intercostal nerves 
lying in the groove at the caudal border of the corresponding rib accom-
panied by an artery and vein. In their course, the ventral branches gave 
off a number of cutaneous branches. 
1. Dorsal Branches (Rami dorsales) - As described above, the dorsal 
branches at their level of emergence through the dorsal lateral vertebral 
foramina were completely covered by the Mm, interspinales and multi-
fidus, traversing a short distance under these muscles. As soon as these 
branches reached the cranial part of the mamillary processes, each di-
vided into medial and lateral branches. 
a. The medial branches (Rami mediales) were much smaller than the 
lateral branches. Essentially, these branches followed two different 
courses depending upon the development of the mamillary process. As 
this process was not well developed in the first ten or eleven thoracic 
vertebrae, as compared to those of the last five or six vertebrae, the 
corresponding medial branches followed a different course. 
(1) In four cases, the first eleven, and in six cases the first ten, 
dorsomedial branches followed the following course: 
In these cases, the dorsomedial branches stretched obliquely up-
ward in a dorsomedial direction along the M, multifidus running almost 
parallel to the spinous process of the following vertebra and were com-
pletely covered by the M, longissimus thoracis. During their dorsal 
course, these branches gave off numerous muscular twigs and finally, 
along with the artery and vein, pierced the supraspinous ligament and 
bent laterally to spread under the surface of the skin of the dorsal aspect 
of the thoracic region. 
(2) In six cases the last five or six, and in four cases the last four 
or five, medial branches followed the following course: 
In this case, since the mamillary process was very well developed, 
the dorsomedial branches traversed caudally underneath the mamillary 
process of the following thoracic vertebra lying in close apposition to its 
ventral surface. After emerging below it, these branches took an oblique 
dorsal course in a dorsomedial direction to reach under the surface of 
the skin. They spread out in the skin as described above, except that 
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these branches were completely covered by the M. spinalis thoracis, M. 
multifidus and M, longissimus thoracis in their course. 
The aggregate of all these branches appeared to be responsible for 
the innervation of the skin of the dorsal aspect on either side of the sum-
mit of the dorsal spinous processes extending from the first to last 
thoracic vertebrae. 
b. The lateral branches (Rami lateraley) were much stronger and 
larger than the medial branches and took an oblique caudolateral course 
along the caudal border of the transverse process of the thoracic verte-
bra with the corresponding number, A progressive increase in the 
obliquity in their course, being maximum in the last three or four 
branches, was noted. In two cases there were two lateral branches 
given off by the dorsal branches of the second, third, and fourth branches. 
Essentially, the following three courses were followed to reach the sur-
face of the skin. 
(1) In four cases, the first three and in seven cases the second to 
fifth dorsolateral branches followed the following course: 
These branches traversed laterally lying over the Mm, levatores 
costarum and dorsally being covered by the M. longissimus thoracis. 
These branches then traversed dorsolaterally, pierced through the M. 
serratus dorsalis cranialis and came to lie between the M, subscapularis 
and M. serratus ventralis thoracis on the medial side of the scapula al-
most in the middle of the proximal third of the scapula. The first and 
second branches then perforated the M, subscapularis and the vertebral 
border of the scapula to come to lie on its lateral side under the M. 
infraspinatus. Finally it perforated the M. infraspinatus, M, trapezius 
(pars thoracis) and fascia to reach under the surface of the skin of the 
dorsolateral aspect of the scapular region, The dorsolatera'1 branches 
of the third and fourth thoracic spinal nerves followed almost exactly the 
same course, lying caudal to the second and third dorsolateral branches, 
respectively. These branches gave off distinct muscular twigs in their 
course and, before ramifying in the skin, usually divided into two cutane-
ous twigs. In four cases where the fourth dorsolateral branch did not 
perforate the scapular cartilage, it curved around the caudal angle of the 
scapula innervating the same area. In five cases, the dorsolateral 
branch of the first thoracic spinal nerve united with that of the second 
and did not reach the surface of the skin. 
(2) The dorsolateral branches from the sixth to eighth, and the 
ninth and tenth thoracic nerves followed the same course in all the speci-
mens. 
The dorsolateral branches of the fifth (in some cases), sixth, 
seventh, and eighth thoracic nerves traversed caudolaterally almost in a 
sagittal plane, and lay between the M. longissimus thoracis dorsally and 
the Mm, levatores costarum and Mm. intercostales interni, ventrally. 
After traversing a considerable distance, these gave off a twig for the 
innervation of these muscles and then, traversing caudolaterally, came 
to lie between the M. longissimus thoracis dorsally, and the M. iliocos-
talis thoracis ventrally. Finally, these branches perforated the M, ser-
ratus ventralis thoracis and M. latissimus dorsi to reach the surface of 
the skin. 
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Before piercing the latter muscle, these branches divided into two 
unequal twigs; one smaller and finer took a dorsomedial course alternat-
ing with the dorsomedial branches and ramified in the skin of this region. 
The larger twig traversed laterally to ramify in the skin of the dorso-
lateral aspect of the thoracic region. 
The dorsolateral branches of the ninth and tenth thoracic spinal 
nerves followed the same course except that these did not perforate the 
M, serratus ventralis thoracis. 
(3) The dorsolateral branches of the eleventh to fifteenth thoracic 
spinal nerves, in seven cases; eleventh to fourteenth, in two cases; and 
eleventh to sixteenth, in one case had a similar course: 
These branches followed essentially the same course as described 
above except that these finally perforated the M, serratus dorsalis 
caudalis, M. obliquus externus abdominis and lumbodorsal fascia to 
reach the surface of the skin. The last two usually extended to the para-
lumbar region. 
2. Ventral Branches (Rami ventrales) -The ventral branches, as de-
scribed earlier, continued ventrally as the intercostal nerves (Nn, inter-
costales). Essentially, all the intercostal nerves had the -same course, 
pattern of branching, and distribution. 
The ventral branch of the first thoracic spinal nerve in all the dis-
sected specimens, except two, was the smallest of all the ventral 
branches. The main portion of this branch traversed cranially to join 
the ventral branch of the eighth cervical nerve and helped in the forma-
tion of the brachial plexus. In two cases it was very large and well 
developed but in no case was it found to terminate as the cutaneous twigs. 
The ventral branch of the second thoracic spinal nerve was the largest 
and the strongest of all the intercostal nerves; and, therefore, its cuta-
neous twigs were the most well developed. Near the middle of the second 
rib it pierced the M. intercostalis interna and gave off a perforating 
branch which traversed a short distance between the Mm, intercostales 
interna and externa. Then, it perforated the M. intercostalis externa to 
take an oblique caudoventral course under the M. serratus ventralis 
thoracis towards the elbow joint, dividing into two cutaneous twigs. The 
small lateral cutaneous branch traversed laterally while the larger and 
stronger distal lateral cutaneous twig took a ventrolateral course. Both 
innervated the skin caudal to the thoracic limb while the lateral cutane-
ous twig, in addition, supplied a patch of skin in the region of the elbow 
joint. 
Except for the first and the last, each intercostal nerve gave off the 
following main branches at different levels: 
a. The perforating branches (Rami perforantes) of the intercostal 
nerves -Each intercostal nerve, just below or at the middle of the cor-
responding rib, gave off a perforating branch which pierced the M, inter-
costalis interna. After traversing a short distance between the Mm. 
intercostales externa and interna, it pierced the M. intercostalis externa 
at the level of the distal one-third of the ribs to reach the surface of the 
skin. Just before perforating the superficial muscles, as described 
above, each perforating branch further subdivided into two unequal lateral 
and distal lateral cutaneous branches innervating the lateral and ventro-
lateral aspects of the thoracic skin, respectively. 
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(1) Lateral Cutaneous Branches (Rami cutanei laterales) -The 
course followed by the first seven or eight lateral cutaneous branches 
was somewhat different than those of the last six or seven branches. 
(a) The first seven or eight perforating branches reached the 
surface of the skin after piercing the M. serratus ventralis thoracis at 
the caudal border of the M. latissimus dorsi, Here, these divided into 
two cutaneous branches, as described above. The lateral cutaneous 
branches of the third and fourth perforating branches emerged from the 
musculature at the level of the olecranon process of the ulna to innervate 
the skin of the cranioventrolateral aspect of the thoracic wall, caudal to 
the elbow joint. The rest of the lateral cutaneous branches, as well, 
followed the same course to reach the surface of the skin. 
(b) The last six or seven lateral cutaneous branches essentially 
had the same course except that the obliquity, which increased progres-
sively, was well marked. These branches finally pierced the M. obliquus 
externus abdominis to reach the skin of the middle of the thoracic region 
and the cranial part of the abdominal wall, 
Before ramification under the surface of the skin all these 
branches divided into a number of fine twigs. 
(2) Distal lateral cutaneous branches or ventrolateral cutaneous 
branches (Rami cutanei laterales distales) -The second, much stronger 
and well developed branch of the perforating branch is named the distal 
lateral cutaneous branch. The distal lateral cutaneous branch of the 
third, fourth, and fifth perforating branches traversing in an oblique 
caudoventral course lay superficially between the M. pectoralis ascendens 
(posterior deep pectoral) and the skin. The rest of the branches lay be-
tween the M, obliquue externus abdominis and the skin. It was observed 
that distal lateral cutaneous branches from the second to sixth usually 
had intercommunicating branches with the lateral thoracic nerve. These 
were responsible for the innervation of the skin of the ventrolateral as-
pect of the thoracic region and the cranial part of the abdominal wall. 
b. Ventral cutaneous branches (Rami cutanei ventrales) -All the inter-
costal nerves finally terminated as the ventral cutaneous branches in-
nervating the skin on either side of the mid-ventral line. However, the 
ventral cutaneous branches of the intercostal nerves of the sternal ribs 
followed a different course than those of the asternal ribs, 
(1) The ventral cutaneous branches of the intercostal nerves of the 
sternal ribs followed a very marked cranial course to lie along the lateral 
surface of the corresponding sternebrae, 
(2) The ventral cutaneous branches of the intercostal nerves of the 
asternal ribs followed a slightly oblique ventral course extending in the 
M, obliquus internus abdominis and then passed between the M. trans-
versus abdominis and M, rectus abdominis. The ventral cutaneous 
branches finally perforated the latter muscles to reach the surface of the 
skin of the thoracic region and the cranial part of the abdominal wall. 
These branches were responsible for the innervation of the skin of the 
ventral aspect of the thoracic and abdominal regions, 
(3) The ventral branch of the last thoracic spinal nerve (N. costo-
abdominalis) is not called an intercostal nerve and had some marked 
differences ftom the ventral branches of the thoracic spinal nerves pre-
ceding it. It was so placed that it appeared to be at a considerable 
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distance from the last rib. It had been observed to give off cutaneous 
branches, corresponding to those of the perforating branches, which 
pierced through the M. obliquus externus abdominis to spread out on the 
skin of the middle of the abdominal wall. The main trunk followed a 
course similar to that of the ventral cutaneous branches of the asternal 
ribs. It was seen giving off a cutaneous twig near the umbilicus and it 
took part in the innervation of the skin of the mammary glands. 
DISCUSSION 
As stated earlier, the number of thoracic spinal nerves varied de-
pending upon the number of thoracic vertebrae. The present investiga-
tors found that there were commonly fifteen pairs of thoracic spinal 
nerves in his specimens, though out of ten specimens dissected two had 
fourteen and one had sixteen pairs. 
The emergence of the thoracic spinal nerves was found to be charac-
teristic in the pig and differed from that of other domestic animals. It 
was observed that these nerves did not emerge from the intervertebral 
foramen as has been reported for the dog (Miller et al. 1964); horse 
(Barone 1964, Sisson and Grossman 1953); and cattle (Schaller 1956). 
The dorsal and ventral branches, in the case of the pig, left the spinal 
canal through the dorsal and ventral lateral vertebral foramina of the 
corresponding thoracic vertebra, respectively. This is due to the fact 
that these two additional foramina are characteristic of the pig only and 
have been reported by Nickel et al. (1961). Because of this, each speci-
fic thoracic spinal nerve did not lie caudal to its corresponding vertebra, 
rather it lay along with its vertebra. 
These nerves showed all the characteristics of typical spinal nerves 
and each dorsal branch subdivided into medial and lateral branches. It 
was observed that both of these branches terminated as cutaneous 
branches in the pig. This does not seem to be the case in other domestic 
animals, as the dorsomedial branches terminate as muscular branches. 
Montane and Bourdelle (1920), in their brief description, state that the 
dorsal (superior) branches in the pig, terminate in the dorsal spinal 
muscles. It was further observed that the cutaneous twig given off by 
the dorsolateral branches which took an ascending dorsal course, alter-
nated with the dorsomedial branches. This pattern was also seen to be 
followed by the lumbar nerves and is the same as in cattle (Arnold and 
Kitchell 195?). The course of the dorsomedial branches varied accord-
ing to the development of the mammillary processes. 
The ventral branches continued as intercostal nerves. These mainly 
gave off three cutaneous branches which were similar to those of man 
(Davies 1932). Near the middle of the rib, each intercostal nerve gave 
off a perforating branch which further subdivided into lateral cutaneous 
branches and distal lateral cutaneous branches. It had been observed 
that the perforating branches of the first two or three intercostal nerves 
were the strongest and most well developed as compared to succeeding 
nerves. This appears to be in conformity with Montane and Bourdelle 
(1920). The intercostal nerves terminated as ventral cutaneous branches 
on either side of the mid-ventral line. 
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CUTANEOUS NERVES OF THE TRUNK OF THE PIG 
WITH SPECIAL REFERENCE TO SPINAL NERVES1
PART III. CUTANEOUS NERVES OF THE LUMBAR, 
SACRAL AND COCCYGEAL REGIONS 
S. S. GandhiZ and R. Getty3
ABSTRACT. Eleven embalmed specimens were dissected 
using the centripetal and~or centrifugal approaches to 
study the origin, course, branching and approximate 
area of ramification of the lumbar, sacral and coccy-
geal (caudal) nerves. There were commonly six pairs 
of lumbar, four pairs of sacral and six pairs of coc-
cygeal spinal nerves. These had all the characteris-
tics of typical spinal nerves and each divided into dor-
sal and ventral branches. 
The dorsal branches further subdivided into medial 
and lateral branches. Both branches of the dorsal 
branches of the lumbar spinal nerves terminated as 
cutaneous twigs, while the medial branches of the sac-
ral and coccygeal spinal nerves were muscular branch-
es. Moreover, the medial branches of the coccygeal 
nerves were very small and only the first three or four 
pairs of dorsal branches distinctly divided into medial 
and lateral branches. 
The cutaneous branches of the ventral branches of 
the first and second lumbar nerves terminated on the 
ventrolateral and ventral aspects of the abdominal re-
gion; while the ventral branch of the third contributed 
to the fourth for the formation of the N, cutaneus fe-
moris lateralis. The fifth and sixth did not give off 
any cutaneous branches for the innervation of the area 
under consideration. 
The ventral branches of the sacral spinal nerves have 
not been investigated in detail for this paper except 
for the N, cutaneus femoris caudalis which was formed 
mainly by the ventral branch of the third, though it had 
a contribution from the second as well and remified in 
the skin of the anal and perineal regions. 
1 Taken in part from a 1966 M. S. thesis by Dr. Gandhi under the direc-
tion of Dr. Getty, Department of Veterinary Anatomy, Iowa State Uni-
versity of Science and Technology, Ames, Iowa. 
z Present address: Department of Pharmacology, St. Louis University 
School of Medicine, 1402 South Grand Blvd. , St. Louis, Missouri. 
s Professor and Head, Department of Veterinary Anatomy, Iowa State 
University of Science and Technology, Ames, Iowa. 
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The dorsolateral branches of the coccygeal nerves 
conjoined with each other to form a dorsal coccygeal 
trunk, similarly the ventral branches united with each 
other forming a ventral coccygeal trunk which was re-
spon~sible for the innervation of the skin of the ventral 
aspect of the tail. 
INTRODUCTION 
In this article, a continuation of Parts I (cervical region) and II 
(thoracic region), the various cutaneous nerves responsible for the in-
nervation of the lumbar, sacral and coccygeal (caudal) regions have 
been investigated. The terminology of the Nomina Anatomica Veterinaria 
(1968) has been followed when feasible and synonyms and old terminology 
have been placed in parentheses. 
MATERIAL AND METHODS 
Eleven specimens were embalmed by the usual embalming technique 
used in the department. To study the origin, course, branching and ap-
proximate area of ramification of the lumbar nerves, centripetal and 
centrifugal approaches were applied. In the first method the nerves 
were located on the under surface of the skin and were then traced back 
to their point of origin. In the second method, the main nerve trunk was 
picked up at its point of origin and then its branches were traced to their 
point of termination on the under surface of the skin. The cutaneous 
branches of the sacral spinal nerves were investigated using the first 
method. For studying the cutaneous branches of the coccygeal spinal 
nerves, the portion from the sacrum to the tail was removed from the 
body along with muscles, skin and the vertebral column. The investiga-
tions were then carried out as usual. 
RESULTS 
Lumbar Cutaneous Nerves (Nn, cutanei lumbales) (Fig. 1) 
The innervation of the skin of the lumbar region was accomplished by 
the cutaneous branches given off by the dorsal and ventral branches of 
the lumbar spinal nerves. These nerves exhibited all the characteristics 
of a typical spinal nerve and each nerve, after emerging from the inter -
vertebral foramen, divided into dorsal and ventral branches lying caudal 
to the corresponding lumbar vertebra. Out of eleven specimens dissect-
ed all but one had six pairs of lumbar spinal nerves, while one had five 
pairs. 
1. Dorsal branches (Rami dorsales) 
The dorsal branches were typically similar. Each traversed a short 
distance under cover of the M, multifidus (dorsi) and then, at the level 
of the mammillary process, divided into two unequal branches-- a larger 
and stronger lateral branch and a smaller and finer medial branch. 
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a. The medial branches (Rami mediales) took a caudal course under-
neath the mammillary process of the following lumbar vertebra except 
the last which went over the first sacral segment. Immediately upon 
emerging from the mammillary process, these branches ascended dor-
sally meeting the dorsal branches of the Aa, lumbalia lying underneath 
the M. multifidus and the M. long issimus (dorsi) lying in close relation 
to the dorsal spinous processes. These branches gave off a number of 
fine muscular twigs for the innervation of the M. multifidus during their 
dorsal course and finally pierced the ligamentum supraspinale to appear 
under the skin of the dorsal aspect of the lumbar region. These then 
bent laterally on the same side of the body and were responsible for the 
innervation of the skin of the dorsal aspect of the lumber region on either 
side of the dorsal spinous processes. 
b. The stronger and larger lateral branches (Rami lateraley) lay over 
the Mm. intertransversarii lumborum and were completely covered 
dorsally by the M, longissimus. These branches essentially followed 
the same course as that of the dorsolateral branches of the last four or 
five thoracic spinal nerves, except that they followed a more oblique 
course and, after their emergence from the M. longissi mus took an 
almost caudal turn. The last three or four pairs were embedded in the 
M. longissimus and finally perforated this muscle to appear as cutane-
ous branches. After emergence, these branches divided into two distinct 
cutaneous twigs, one much finer than the other. The finer twig pursued 
a caudodorsal course alternating with the dorsomedial branches and 
ramified in the skin of the dorsal aspect of the lumbar region. The other 
much stronger twig took an oblique caudal course along the dorsal border 
of the M, iliocostalis lumborum. The first four ramified in the skin of 
the paralumbar fossa at the level of the ventral iliac spine (tuber coxae); 
while the last two took a more caudal course and came to lie superficially 
over the M, gluteus superficialiy and ramified in the skin of the rump 
region as the Nn, clunium craniales. 
2. Ventral branches (Rami ventrales) (Fig. 2) 
The ventral branches of the lumbar spinal nerves were much stronger 
and larger than the dorsal branches and lay under the Mm. intertrans-
versarii lumborum in their oblique caudoventral course. 
a. The first lumbar spinal nerve (N, iliohypogastricus) 
Soon after its emergence it gave off a small fine twig which united 
with the ventral branch of the second lumbar nerve in seven out of eleven 
cases. It then passed over the M. quadratus lumborum and, at its 
lateral border, divided into two branches —a cranial, lateral or super-
ficial branch and a caudal, medial or deep branch—which accompanied 
the two branches of the A, phrenica caudalis. 
The smaller cranial or lateral branch traversed caudolateroventrally, 
lying between the Mm, obliquus internus abdominis and obliquus externus 
abdominis, and giving off muscular twigs for these muscles. Near the 
middle of the abdominal wall it perforated the M. obliquus externus 
abdominis. It usually divided into two distinct cutaneous branches which 
were responsible for the innervation of the skin of this region and the 
ventrolateral aspect of the abdominal wall. 
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The larger caudal or medial branch went inward, lying between the 
M. transversus abdominis and M, obliquus internus abdominis and 
traversed caudoventrally. It finally pierced the M, rectus abdominis 
and ramified in the skin covering the next to last pair of mammary 
glands . 
In the specimen having five pairs of lumbar spinal nerves the N. 
iliohypogastricus appeared to be missing anatomically and its area of 
innervation was supplied by the last pair of thoracic spinal nerves. 
b. The second lumbar spinal nerve (N, ilioinguinalis) 
Soon after its emergence, it divided into cranial and caudal branches 
traversing caudolaterally under the transverse process of the third 
lumbar vertebra. Both these branches paralleled exactly the same 
course as that of the corresponding branches of the first lumbar spinal 
nerve. The cranial branch ramified in the skin of the lateral and ventro-
lateral part of the abdominal wall; while the caudal branch ramified in 
the skin covering the mammary glands just caudal to the first in the 
female and in the skin of the prepuce in the male. 
c. The ventral branch of the third lumbar spinal nerve was a strong 
well developed branch which, soon after its emergence, divided into 
three branches. Two were short muscular twigs while the main trunk 
continued caudally under the transverse process of the fourth lumbar 
vertebra and usually received a short twig from the second. The main 
trunk continued traversing caudally between the M, psoas major and M. 
psoas minor. At the level of the sixth lumbar vertebra it gave off a 
strong well developed branch which united with the ventral branch of the 
fourth and contributed to the formation of the N, cutaneus femoris later-
alis; while the main trunk continued as the N, genitofemoralis (N. ingui-
nalis) (N. spermaticus externus) . 
d. The ventral branch of the fourth lumbar spinal nerve at its emer-
gence lay in close apposition with the ventral spinous process and tra-
versed caudoventrally along with the fifth lumbar vertebra lying between 
the M. psoas major and M. psoas minor. After traversing a short dis-
tance at the level of the cranial edge of the sixth lumbar vertebra it di-
vided into two branches —one of which united with the ventral branch of 
the fifth lumbar nerve—and pierced through the above mentioned muscles. 
The smaller branch exchanged twigs with the third lumbar nerve and went 
into the abdominal musculature. The larger branch continued caudally 
receiving a branch from the third lumbar spinal nerve as the N, cutaneus 
femoris lateralis. 
e. The N. cutaneus femoris lateralis took a lateral, caudoventral 
course to cross obliquely the caudal third of the M. psoas major and 
minor and the origin of the M. iliacus at the level of the ventral iliac 
spine (tuber coxae). In most of the cases, at this level it coursed be-
tween the M. obliquus internus abdominis and the os ilium to reach 
finally the deep surface of the M, tensor fasciae latae. Before this, it 
divided into two equal branches which traversed ventrally, along with the 
descending branches of the A, circumflexa ilium profunda and its satel-
lite veins. At the level of the subiliac lymph node, each further sub-
divided intd two, resulting in four twigs. Two of these twigs took a 
slightly cranial course and ran in front of the thigh and the stifle joint. 
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They were finally distributed over the skin of the lateral aspect of the 
thigh and in the fold of the flank region. The other two twigs coursed 
towards the inguinal region and finally ramified in the fold of skin cranial 
to the stifle joint. 
f. The ventral branches of the fifth and sixth lumbar nerves were very 
well developed and united with each other. The fifth received contribu-
tory branches from the fourth, while the sixth was joined by the ventral 
branch of the first and second sacral nerves. These branches did not 
give off any cutaneous branches for the innervation of the area under 
consideration. 
Sacral Cutaneous Nerves (Nn, Cutanei sacrales) 
In the eleven specimens dissected there were four pairs of sacral 
spinal nerves. It appeared that the division into dorsal and ventral 
branches occurred within the sacral canal, These emerged through the 
dorsal and ventral sacral foramina, respectively, except the last which 
emerged through the intervertebral foramen between the last sacral and 
first coccygeal vertebrae. The dorsal branches were finer, thinner and 
longer while the ventral branches were stronger, smaller and well de-
veloped, 
1. Dorsal branches (Rami dorsales) (Fig. 3) 
Immediately after emergence each divided into medial and lateral 
branches. The smaller medial branches (Rami mediales) took a caudal 
course under cover of the M, sacrococcygeus dorsalis medialis and 
united with each other leading to the formation of a dorsal sacral trunk. 
These were not seen terminating as cutaneous twigs but gave off numer-
ous muscular twigs. The dorsomedial branch of the last sacral nerve 
joined with the dorsal branch of the first coccygeal nerve and helped in 
the formation of a dorsal coccygeal trunk, 
The longer and finer lateral branches (Rami laterales) were responsi-
ble for the innervation of the skin of the rump region. Their size de-
creased from the first to the last. At their origin these were completely 
covered by the Mm, sacrococcygeus dorsalis lateralis and medialis. 
These branches then took a lateral course traversing caudodorsally and 
lying between the above mentioned muscles. Finally these branche s 
emerged through these muscles and took an oblique caudolateral course, 
traversing under cover of the gluteal fascia lying superficially over the 
M. gluteobiceps. The dorsolateral branch of the first sacral nerve 
usually emerged one and one-half to two inches caudal to the ventral iliac 
spine (tuber coxae). Before ramifying in the skin at the level of the thigh 
it divided into two cutaneous twigs. The dorsolateral branches of the 
second and third sacral nerves were distributed in the skin of this region, 
lying caudal to the dorsolateral branch of the first sacral nerve, The 
cutaneous branches of the dorsolateral branches of the -first three sacral 
spinal nerves supplying the buttocks region are referred to as the Nn. 
clunium medii. The dorsolateral branch of the fourth sacral nerve was 
not observed to give any cutaneous twigs. 
2. Ventral branches (Rami ventrales) (Fig. 4) 
The ventral branches of the sacral spinal nerves contributed to the 
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formation of the lumbosacral plexus and have been investigated by Bosa 
(1965) and Bosa and Getty (1969). In the present investigation the nerves 
arising from this plexus have not been studied. However, the general 
pattern of these nerves as well as the nerves which emerged under the 
skin of the areas under investigation were studied. The ventral branches 
emerged through the ventral (pelvic) sacral foramina, except the last 
which emerged through the intervertebral foramen between the last 
sacral segment and the first coccygeal vertebra. These branches were 
stronger than the dorsal branches and intercommunicated with each 
other. The first joined the ventral branch of the sixth lumbar nerve and 
was, in turn, joined by the ventral branch of the second sacral nerve 
which received communicating branches from the ventral branch of the 
third sacral nerve. From the ventral branches of the second and third 
sacral nerves arose the N, cutaneus femoris caudalis which emerged 
under the surface of the skin. 
In the specimens dissected it was observed that the main trunk of the 
third sacral nerve continued caudolaterally as the N, cutaneus femoris 
caudalis, though it always received contributory branches from the ven-
tral branch of the second sacral nerve. After a short course through the 
sacrospinotuberal attachment of the M. biceps femoris and M, semi-
tendinosus, it pierced these muscles and was distributed to the skin (Nn. 
clunium caudales) and to the anal and perineal region. During its course 
it gave off a number of muscular twigs for these muscles. 
coccygeal Nerves (Nn. coccygei) 
The number of coccygeal spinal nerves was variable, from four to 
eight pairs. Out of eleven specimens dissected, in eight cases there 
were six pairs, in two cases four pairs, and one had eight pairs of coc-
cygeal spinal nerves. These emerged through the intervertebral fora-
mina and were seen lying caudal to the corresponding coccygeal verte-
brae. Immediately after their emergence each divided into dorsal and 
ventral branches, The dorsal branches traversed dorsally over the 
transverse processes of the following vertebrae and the Mm. intertrans-
versarii dorsales caudae. The ventral branches coursed ventrally to the 
transverse processes of the following vertebrae and the Mm, intertrans-
versarii ventrales caudae covered by the M. sacrococcygeus ventraliy 
medialis . 
1. Dorsal branches (Rami dorsales) 
The dorsal branches were smaller than the ventral branches and the 
dorsal branch of the first coccygeal nerve was joined by the dorsal 
branch of the last sacral nerve. The dorsal branches of the first three 
or four pairs distinctly divided into medial and lateral branches, but this 
division was lost in the following branches. In these, the smaller medial 
branches were seen traversing dorsally into the musculature and could 
not be traced into the skin. The larger dorsolateral branches seemed to 
be constituted by a greater amount of fibers. The conjoined trunk of the 
first coccygeal and last sacral nerves traversed caudolaterally, lying 
over the transverse process of the following vertebra. It united with the 
dorsolateral branch of the second coccygeal nerve which extended to unite 
with the dorsolateral branch of the third coccygeal nerve and so on. 
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_.1 ~ ~QS11 ` e lri t~e ~ormation of a well formed large trunk which was 
augmented from the first to .the middle of.the'tail and was named the 
dorsal coccygeal trunk (Plexus coccygeus dorsalis). This trunk ex-
tended to the tip of the tail, lying over the dorsal surface of the trans-
verse processes of the coccygeal vertebrae between the Mm. intertrans-
versarii caudae, ventrally, and the M, sacrococcygeus dorsalis lateralis, 
dorsally. During its course, it gave off a number of muscular and 
cutaneous twigs for the innervation of the muscles and skin. However, 
only four to six cutaneous twigs could be grossly dissected and followed 
under the skin. 
2. Ventral branches (Rami ventrales) 
The ventral branches were stronger than the dorsal branches but had 
a similar course, arrangement and distribution. The division into 
medial and lateral branches was distinct in the first three or four pairs. 
The medial branches went into the musculature. The ventral branch of 
the first coccygeal nerve was joined by the ventral branch of the last 
sacral nerve. This conjoined trunk traversed caudally and led into the 
formation of the ventral coccygeal trunk (Plexus coccygeus ventralis) in 
the same manner by which the dorsal coccygeal trunk was formed. The 
ventral coccygeal trunk traversed caudally, lying ventral to the trans-
verse processes of the coccygeal vertebrae and the Mm, intertransver-
sarii ventrales caudae, covered ventrally by the M. sacrococcygeus 
ventralis lateralis and accompanied by the ventrolateral coccygeal artery. 
It extended to the tip of the tail. During its course it gave off a number 
of muscular and cutaneous twigs for the innervation of the muscles and 
the skin of the ventral and ventrolateral aspect of the tail. 
DISCUSSION 
The number of lumbar spinal nerves was found to be dependent upon 
the number of lumbar vertebrae, In the present investigation there were 
six lumbar vertebrae and six pairs of lumbar spinal nerves (in ten out of 
elevel cases). Bosa (1965) also found six lumbar vertebrae and six pairs 
of lumbar spinal nerves in 13 out of 14 cases. This seems to be in con-
trast with the textbooks consulted such as Ellenberger and Baum (1943), 
Montane and Bourdelle (19 20), Nickel e_t a_l. (19 61), Reimers (1913) and 
Sisson and Grossman (1953) who all agree that there are usually seven 
pairs of lumbar spinal nerves with a reduction to six, though the number 
is variable from five to seven. The number seems to be dependent upon 
the breed of the pigs as well. However, Uchida (1929) found six pairs of 
lumbar sympathetic ganglia. 
The number of the sacral spinal nerves was four, while the number of 
coccygeal spinal nerves varied from four to eight. 
As in other domestic animals, the lumbar, sacral and coccygeal 
spinal nerves had all the characteristics of typical spinal nerves and 
emerged through the intervertebral foramina. After their emergence, 
these divided into dorsal and ventral branches. The dorsal branches of 
the lumbar spinal nerves again divided into medial and lateral branches 
and both terminated as the cutaneous twigs. The progressive increase 
in the obliquity of the spinal nerves from thoracic to sacral is due to 
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Figure 1. Right dorsolateral view of the lumbar and sacral regions 
showing the various branches in relation to the superficial 
muscles. 
i M. obliquus externus abdominis 
j M. serratus dorsalis caudalis 
n M, tensor fasciae latae 
o M. biceps femoris 
o' M. gluteobiceps 
p M. semitendinosus 
q M, semimembranosus 
u M. gluteus medius 
D N, cutaneus femoris caudalis 
F N, cutaneus femoris lateralis 
Lla' L6a' Rami mediales of Rr, dorsales Nn. spinales lumbales I to VI 
Lea" Ramus lateralis of R. dorsalis N. spinalis lumbalis II 
L6a" Ramus lateralis of R. dorsalis N. spinalis lumbalis VI 
(Nn. clunium craniales) 
Llb' Ramus cranialis of R, ventralis N, spinalis lumbalis I 
Sla" 53a" Rami laterales of Rr, dorsales Nn. spinales sacrales I to 
III (Nn, clunium medii) 
T15a' Ramus medialis of Ramus dorsalis N. spinalis thoracicus XV 
T14b" Ramus perforantis N. intercostalis XIV 
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Figure 2. Schematic drawing of the lumbar and sacral nerves as they 
emerge through the intervertebral foramina showing their 
interrelationships and branching. 
F N, cutaneus femoris lateralis 
Lla' - Lba' Rami mediales of Rr, dorsales Nn, spinales lumbales I to 
VI 
Lla" - Lba" Rami laterales of Rr, dorsales Nn, spinales lumbales I to 
VI 
Lob Ramus ventralis N. spinalis lumbalis IV 
Llb' - LZb' Rami craniales of Rr, ventrales Nn, spinales lumbales I et 
II 
Llb" - LZb" Rami caudales of Rr, ventrales Nn, spinales lumbales I et 
II 
Sla - S4a Rami dorsales Nn, spinales sacrales I to IV 
Slb - S3b Rami ventrales Nn, spinales sacrales I to III 
T15a' Ramus medialis of Ramus dorsalis N, spinalis thoracicus XV 
T15b' Ramus cutaneus ventralis of N, intercostalis XV 
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R. lattrali~ of R. donalis of N. tpinalt~ IuniO~lt• VI 
R mMloli~ of R. donoli~ of N. ~pinalit lumpalis VI 
R. dawlis N. spinalis saeralis I 
R. dorsalis N. spinolit sacrali~ IV 
R. dorsolis N. ~pinoli• eocoygtus I 
R. donalfs N. apinali• coeeygeus III 
R. m~diali• of R dasalis N. spinali~ coceygeu• III 
R letaells of R dorsalis N. spinalis eoccygeus IV 
R dorsalb N. tpinalis eooeygeus V 
Truneu~ eooeygou• dasolis 
Figure 3. Schematic dorsal view of the sacral and coccygeal regions 
showing the emergence of the dorsal branches of the coccy-
g~al spinal nerves and the formation of the dorsal coccygeal 
trunk. 
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R. ventroli• N. ~pinolls ~ocrali~ IV 
R. v~ntralit N. spinolis coecypw• I 
R. Io4~ralit of R vonfrolis N. ~pinoll• 
oocoypws II 
R v~ntrolis N. •pinali• eoeeyp~us III 
Trw+eus eoeeypws v~rMroli• 
R, nwldioli• of R. vtntralis K ~pltall~ 
coceypwi IV 
R. v~ntrali• tl apinolit ooceyoeuf VI 
Figure 4, Schematic ventral view of the sacral and coccygeal regions 
showing the emergence of the ventral branches of the coccy-
geal spinal nerves and the formation of the ventral coccygeal 
trunk. 
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the established fact that the growth of the vertebral column is much 
more rapid than that of the spinal cord. For this reason, the last two 
lateral branches of the lumbar spinal nerves extended over the rump 
region. 
The ventral branches of the lumbar spinal nerves along with the last 
thoracic spinal nerve were responsible for the innervation of the flank 
region. The ventral branches did not differ greatly from those of the 
other animals. The N, cutaneus femoris lateralis, in the pig, was con-
stituted mainly by the ventral branch of the fourth while the ventral 
branch of the third contributed to it. This seems to be in disagreement 
with Montane and Bourdelle (1920) as, according to these authors, it 
arises from the ventral branches of the fourth and fifth lumbar spinal 
nerves. Reimers (1913) states that it arises from the fifth and sixth 
ventral branches. However, Bosa and Getty (1969) found that, in most 
cases, it arose from the fourth, having a contributory branch from the 
third. 
The dorsal branches of the sacral spinal nerves, as well, divided 
into medial and lateral branches but, the medial branches terminated as 
the muscular branches. The lateral branches terminated as cutaneous 
nerves over the gluteal region lying far away from their foramen of exit. 
The size of these sacral spinal nerves decreased from the first to the 
last, as is the case in other domestic animals. The last sacral nerve 
did not emerge on the surface of the skin. Reimers (1913) seems to 
agree completely with the present investigation regarding the branching, 
distribution and ramification of the lateral branches of the sacral spinal 
nerves. As stated earlier, the ventral branches were not fully investi-
gated, except for those branches which emerged on the surface of the 
region under consideration. In all specimens the N, cutaneus femoris 
caudalis arose from the ventral branch of the second sacral nerve, while 
it received contributory branches from the third. This seems to be in 
agreement with Bosa and Getty (1969) and Reimers (1913). 
In the present investigation there were four to eight pairs of coccygeal 
spinal nerves (although eight out of eleven cases had six pairs). Montane 
and Bourdelle (1920) found five pairs. The spinal cord does not extend to 
the coccygeal region but these nerves innervate the skin to the tip of the 
tail. Therefore, both the dorsal as well as the ventral branches of the 
coccygeal nerves united with the succeeding dorsal and ventral branches, 
so as to reinforce and combine their fibers and constitute the dorsal and 
ventral coccygeal trunks. In this way they accomplish the innervation to 
the tip of the tail. 
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SOMATIC AND AUTONOMIC NERVES OF THE LUMBAR, SACRAL AND 
COCCYGEAL REGIONS OF THE DOMESTIC PIG 
(SUS SCROFA DOMESTICUS)1
Y. M. Bosa Z and R. Getty3
ABSTRACT. Somatic and autonomic nerves in the lumbar 
and pelvic regions of 15 domestic pigs (8 females and 
7 males) were studied. Ventral branches of the L 1 -L 4
spinal nerves innervated the paralumbar area of the 
abdominal wall including the inguinal, caudal preputial, 
mammary and cranial scrotal areas; ventral branches 
of L 5 -S 4 spinal nerves coursed to the pelvic limb and 
perineum. All ventral branches of L 1 - L 6 spinal nerves 
had intercommunicating branches. No specimen pre-
sented seven pairs of Nn. spinales lumbales. 
Observations on 7 specimens were made on the sym-
pathetic trunks in the lumbar and pelvic regions in-
cluding the general arrangement of the ganglia and 
collateral ganglia in the abdomen and pelvis and the 
relationship of the sympathetic and parasympathetic 
nerves in the formation of abdominal and pelvic plex-
uses. There were constantly six pairs of sympathetic 
ganglia in the lumbar region, four in the sacral region 
and four to six in the coccygeal region. Thoracic and 
lumbar splanchnic nerves were observed. 
Communicating rami were irregular in the number 
present on both sides of the body, especially in the 
lumbar region, where at some segments there were two 
or three rami and at others only one Ramus communi-
cans was found. While most of the Rami communicantes 
were connected to the ganglia some of them joined the 
trunks between ganglia as inter ganglionic rami. 
The findings are documented by one Table and four-
teen original illustrations. 
1 Taken in part from a 1965 M. S, thesis by Dr. Bosa under the direction 
of Dr. Getty, Department of Veterinary Anatomy, Iowa State University, 
Ames, Iowa 50010. 
~ Present address: Professor, Department of Veterinary Anatomy and 
Histology, University College, Nairobi, Kenya, East Africa. 
s 
Professor and Head, Department of Veterinary Anatomy, Iowa State 
University, Ames, Iowa 50010. 
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INTRODUCTION 
There appears to be little detailed information available in recent 
literature concerning the peripheral nervous system of the pig. For 
this reasion it was felt necessary to investigate this area to supplement 
the fragmentary and rather inconclusive records encountered in various 
textbooks, At first the investigation was directed to the lumbar and 
sacral plexuses, but in the course of this study it was deemed appropri-
ate to include the observations made on the sympathetic trunks related 
to the lumbar and sacral spinal nerves, especially their mode of termi-
nation in the coccygeal region. It is hoped that this information can be 
correlated with practical applications, e. g, , applied anatomy in surgery, 
clinical diagnosis, obstetrical manipulations, and artificial breeding, 
etc., all of which necessitate a thorough knowledge of the somatic and 
autonomic nerves of the lumbar and pelvic regions. 
Reimers (1913) described an independent lumbar and sacral plexus. 
Ellenberger and Baum (1943) state that the lumbosacral plexus is formed 
by the last three lumbar and first two sacral nerves; Sisson and Gross-
man (1953) do not include the second sacral, but agree with Ellenberger 
and Baum on the lumbar roots; and Chauveau and Arloing (1902), on the 
other hand consider the last two lumbar and first two sacral nerves. 
The lumbosacral plexus (Plexus lumbosacralis), according to Goss 
(1959), is the name given to the combination of all the ventral primary 
divisions of the lumbar, sacral, and coccygeal nerves. The lumbar and 
sacral plexuses are considered separately for convenience of description 
by many authors and by the N. A. V. (19 68) . However, the division of 
the lumbosacral plexus into two portions is based on location of the 
plexuses and not on their origin. All of the lumbar and sacral spinal 
nerves join in the formation of the lumbosacral plexus since the individual 
nerves furnish communicating branches to their adjacent neighbors. 
Some authors, however, restrict the use of the term "lumbosacral 
plexus" to the nerves which innervate the pelvic limb. Because of the 
variability in number of lumbar and sacral vertebrae between and within 
species the present authors prefer the more inclusive definition of Goss 
(1959). 
In the present investigation thirteen of fourteen specimens had six 
lumbar vertebrae and one specimen presented five lumbar vertebrae. 
Gandhi and Getty (1969) reported that out of eleven dissections ten had 
six lumbar vertebrae and one had five, Thus, out of 25 specimens dis-
sected in the Department of Veterinary Anatomy at Iowa State University, 
23 had six lumbar vertebrae and none presented severs lumbar vertebrae 
as is frequently reported in veterinary literature. 
With regard to the autonomic system some practical applications 
should evolve from this study: e.~. , the collection of semen by the use 
of electrical stimulation (Dziuk et al. 1954a). The emphasis in our 
study was directed more to the most caudal terminations of the sympa-
thetic trunks, especially as to whether or not they end by means of a 
ganglion impar, as is the case in man (Goss 1959), or as indicated in the 
horse (Sisson and Grossman 1953), and by Botar (1932) who confirms the 
presence of a ganglion impar in the pig, especially in the female of the 
species. 
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The investigations carried out in connection with the somatic nerves 
of the lumbosacral plexus led to the necessity of correlating the respec-
tive portion of the autonomic nerves by gross observations, especially 
the termination of the sympathetic trunks in the sacrococcygeal region. 
LITERATURE REVIEW 
As was stated in the Introduction, a search of the literature revealed 
little information dealing with the lumbar and sacral plexuses of the 
domestic pig, with the exception of the dissertation of Reimers (1913). 
However, utilization was made of information encountered in existing 
textbooks (Ellenberger and Baum 1943; Chauveau and Arloing 1902; 
Martin 1932; Montane and Bourdelle 1920; Patten 1948; and Sisson and 
Grossman 1953). Bearing in mind that the object of this study was to 
establish a basis for practical applications much information concerning 
other animals has been employed in a comparative manner (Sinclair 
1937; Arnold and Kitchell 1957; Cleland 1933; Farquharson 1940; Habel 
1964; Woollard and Norrish 1933; Heinze 1964; and Kuntz 1953). 
So far the most comprehensive information relating to the sympathetic 
system in the pig was found in the dissertation of Uchida (1929), but it 
dealt with the portion cranial to the sacral region. Botar (1932) worked 
in the same area as the present authors. Carson's (1953) work and that 
of Dziuk et al. (1954b) further indicate the need for a thorough under-
standing of the sympathetic system in each and every species of our 
domestic animals, especially the pig. As indicated by Sisson and Gross-
man (1953) the autonomic nervous system in the pig has been neglected. 
It should be pointed out that only some aspects of the sympathetic nerves 
have been taken into account and much more needs to be investigated. 
Zintzsch (1964) has published much the same work on the sheep in the 
same area as is reported here in the pig. 
MATERIAL AND METHODS 
Fifteen pigs, eight females and seven males (four castrated), of 
various breeds (six Yorkshire, three Poland-China, two Landrace and 
four Yorkshire-Landrace), ranging in age from 3 months to 6Z years, 
were used. 
While a few of the animals were dissected in the fresh state most of 
the specimens were prepared and embalmed in the manner commonly 
followed in the department: the animals to be embalmed were first 
anesthetized with pentobarbital sodium, bled by carotid cannulation and 
then infused with an embalming fluid consisting of: 60% Isopropyl alcohol, 
4% Formaldehyde, 6% Liquid Phenol, 2. 5% Corn syrup (50% H2O) and 
27.5% water. Following embalming and throughout the investigation the 
specimens were kept in cold storage between dissections. The speci-
mens not embalmed were from animals which had been electrocuted and 
then bled immediately. 
Two methods of approach were followed. The first, which was always 
necessary in the sacral portion, was to dissect from outside to inside. 
In this method the skin was incised along the mid-dorsal line and reflected 
ventrally towards the flank. The lumbar and gluteal muscles were 
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incised one by one, reflected, and finally removed as the nerves were 
dissected to their intervertebral exits. In the first three specimens a 
laminectomy was performed with concomitant removal of the ossa ilia. 
However, it was found that the nerves were easily broken before the 
dissections, so the removal of the ossa ilia was abandoned. 
In most cases the second method was pursued, especially for the 
nerves in the lumbar region. This method consisted of making a longi-
tudinal incision along the mid-ventral line, allowing the removal of the 
abdominal viscera to the pelvic inlet, but temporarily leaving the internal 
genital organs, bladder and rectum in place. As the dissection pro-
gressed, these organs were removed as necessary. The sublumbar 
muscles (Mm, psoas major and minor) were removed piecemeal, as were 
the Mm, iliacus, obturatorius internus, sacrococcygea ventrales, and 
coccygeus, so as to expose the point of emergence of the spinal nerves. 
The aorta was temporarily left in place in specimens in which the sym-
pathetic nerves were closely observed, otherwise it was removed to-
gether with its terminal branches, after noting the relationship these had 
with the various spinal nerves. 
The abdominal viscera, except the kidneys and the terminal portion of 
the colon and pelvic organs, were removed through a sagittal opening on 
the ventral aspect of the abdominal wall. Dissection proceeded by gentle 
removal of the perietal layer of the peritoneum along the lateral borders 
of the M, psoas major, reflecting it medially. While the various nerves 
were being located, the Mm, psoas major and minor were removed 
piecemeal, following the Rami communicantes toward the spinal nerve at 
their site of emergence. Then the parts in proximity to the aorta were 
traced toward the caudal end into the pelvic cavity. 
In order to make the nerves stand out clearly for photographic pro-
cedures, the spinal nerves were painted with yellow latex and black 
casein paints was employed for the sympathetic nerves. 
The N.A. V. (1968) nomenclature has been followed except in a few 
instances which are indicated by an asterisk (=~). 
RESULTS AND DISCUSSION 
All of the textbooks consulted (Ellenberger and Baum 1943; Martin 
1923; Montane and Bourdelle 1920) agree that there are usually seven 
lumbar vertebrae, or sometimes six in the pig, and consequently the 
corresponding number of nerves. In 13 out of 14 cases in the present 
investigation, however, there were six lumbar vertebrae. One out of 
fourteen specimens had only five lumbar vertebrae. 
After encountering an extra pair of ribs in one specimen, it was 
deemed proper to find out whether or not the varying number of ribs had 
any influence on the number of the lumbar vertebrae. However, in those 
animals which had fifteen or sixteen pairs of ribs, the number of lumbar 
vertebrae remained six. 
Because of the intercommunications between the ventral branches of 
the Nn, spinales lumbales it is possible to say that all spinal nerves in 
1 Casein colors prepared by H. Shines of 433 W. Coethe Street, Chicago, 
Illinois . 
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the lumbar region play a part in forming the lumbosacral plexus. In 
specimens number 2, 3, 4, 11, 12 (Figs. 1, 2) a communication between 
the ventral branches of the Ll and LZ spinal nerves occurred, contrary 
to the findings of Reimers (1913) whose specimens did not reveal this 
communication between the first two ventral branches of the lumbar 
spinal nerves. The distance from the intervertebral foramen at which 
this communication took place varied from animal to animal and also in 
the same specimen on the two sides of the body. Specimens were en-
countered in which the communicating branches joined, not only their 
immediate neighbors, but coursed to succeeding branches. 
The sublumbar muscles (Mm, psoas major, minor and quadratus 
lumborum) were innervated by muscular branches from the Ll through 
L6 (or to the last lumbar spinal nerves, depending on the number pres-
ent. 
The first four Nn, spinales lumbales, together with the last thoracic 
spinal nerve innervated the abdominal wall. The formation of the plexus 
and the continuation of some of their fibers into the pelvic cavity and 
hind limb is in a metameric manner. Table 1 shows the arrangements 
of these nerves as determined by macroscopic observations on teased 
nerves. Some nerves could be followed, but others were too delicate 
for much teasing, so that some doubt will exist until physiological elec-
trical stimulation is performed to confirm or verify the morphological 
findings. 
Lumbar Plexus 
The ventral branch of the first lumbar spinal nerve (L1) is the N, iliohy-
pogastricus. When there are seven lumber nerves, as recorded in ex-
isting literature (e, g. , Ellenberger and Baum 1943; and Reimers 1913), 
the first lumbar nerve takes the name N, iliohypogastricus cranialis, the 
ventral branch of the second lumbar nerve is called the N. iliohypogas-
tricus caudalis; and the ventral branch of the third lumber nerve is called 
the N. ilioinguinalis. This nomenclature is used in the dog (Miller e_t a_l. 
1964) and in the cat and rabbit (Langley and Anderson 1895). 
In the present investigation, 13 out of 14 cases presented six lumber 
spinal nerves and one case the lumbar spinal nerves had been reduced to 
five pairs. In the latter case, the N. iliohypogastricus was missing 
anatomically, but functionally the last pair of thoracic nerves was found 
to be distributed in exactly the same manner as the N, iliohypogastricus 
of specimens which had six pairs of lumbar spinal nerves. (Fig. 2). 
N, iliohypogastricus
The ventral branch of the first lumbar spinal nerve contributed a 
small branch to the second lumbar spinal nerve before the former di-
vided into two main branches near, or at, the lateral border of the M. 
quadratus lumborum. It coursed under the transverse process of the 
succeeding vertebra, running caudally, laterally and ventrally, and its 
two branches accompanied the two caudal branches of the A, phrenico-
abdominalis. The short, cranial branch ran laterally, supplied innerva-
tion to the M. obliquus externus abdominis, and sent a branch to the 
skin, about one-third of the way down the flank. The longer, caudal 
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Table 1. Distribution of roots Khich form somatic nerves in lumbara and sacralb regions. 
Name of nerve L1 L2 L3 I.~y L5 I'6 (1.~)d S1 S2 S3 Sy, Cases 
N. iliohypogastricus + 
N. ilioinguinalis + 
14 
14 
N, genitofemoralis + + 2 
(N. spermaticus externus) + + + 2 
(N. genitalia) + + 10 
N. cutaneus femoris + + 2 
lateralis + + + 1 
+ + 11 
N. femoralis + + 1 
+ + + 6 
+ + 4 
+ + + 3 
N. obturatorius + + 1 
+ + + 5 
+ + + + 1 
+ + 2 
+ + + 5 
N. gluteus cranialis + + + + + + 1 
+ + + + 1 
+ + + 8 
+ + + + 4 
N, gluteus caudalis + + + + + 1 
+ + + + 10 
+ + + 3 
N. ischiadicus + + + + + 1 
+ + + + + + 1 
+ + + + + 2 
+ + + + 10 
N. pelvinus + + 3 
+ + 12 
N. pudendus + + + 1 
+ + 11 
+ + + 3 
N. cutaneus femoris caudalis + + 1 
+ + + 3 
+ 5 
+ + 6 
Nn. rectales° + + + + 1 
+ + + 11 
+ + 3 
e 14 specimens 
b 15 specimens 
c The Nn. rectales include those other nerves that either join the S4 or reach the 
same destination separately. 
d None found in specimens used in this investigation. 
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branch passed inwards and assumed a course between the M. obliquus 
internus abdominis and the M. transversus abdominis, giving branches 
to both of these muscles and continuing between the M. transversus 
abdominis and the peritoneum to the lateral border of the M. rectus 
abdominis, at which point it gave off a cutaneous branch while the main 
trunk continued in the substance of the muscle towards the median plane, 
and behind the umbilicus. It also innervated the mammary glands in 
this region. 
N, ilioinguinalis 
The ventral branch of the LZ spinal nerve was seen to divide and sub-
divide in most cases, making up to four branches which innervated the 
abdominal muscles as well as the fascia in the inguinal region and skin 
of the flank, mammary glands and prepuce. Immediately on its exit 
from the intervertebral foramen the ventral branch, in most cases, di-
vided into two branches, which were cranial and caudal in position. The 
cranial branch received the contribution from the first lumbar spinal 
nerve, as indicated above, and subdivided into branches which were 
again cranial and caudal in disposition. 
In four specimens it formed a contribution to the N, genitofemoralis 
(N, genitalis; N. spermaticus externus) (Fig. 2, Table 1). In several 
cases, one of its branches joined with a branch given off by the L3 spinal 
nerve to form, what appeared to be, a special nerve running along the 
lateral border of the N. psoas major. This nerve entered either the M. 
obliquus internus abdominis or the M, cremaster externus or divided to 
innervate the two muscles at the same time. 
The two foregoing lumbar spinal nerves were the main nerves which 
supplied the abdominal wall, especially the area caudal to the umbilicus 
and craniomedial to the thigh. 
N. genitofemoralis (N. genitalis) (N. spermaticus externus) (Figs. 3, 4) 
The choice of the name N, genitofemoralis as opposed to N, sperma-
ticus externus was initiated by the fact that it can be used for both sexes. 
The nerve arose largely from the ventral branch of the L3 spinal nerve, 
being reinforced by a twig from the ventral branch of the LZ spinal nerve. 
In twelve out of fourteen cases it was formed by the ventral branches of 
L3 and L4 spinal nerves (for variations see Table 1). The largest con-
tribution was from the ventral branch of the L3 spinal nerve in all cases, 
except when it was formed by the LZ and L3 spinal nerves in which case 
the ventral branch of the LZ spinal nerve was the main root, and that of 
the L3 nerve was just contributory. 
The N. genitofemoralis coursed between the sublumbar muscles, Mm. 
psoas major et minor, from which it emerged at the caudal third about 
the level of the fifth lumbar vertebra. In this position it was related to 
the N. cutaneus femoris lateralis which lay caudal to it between the two 
muscles. While inside the substance of these muscles it detached a small 
branch to the N, cutaneus femoris lateralis. On emerging from the 
muscles it detached another branch to the same nerve, and also received 
a branch from the N, cutaneus femoris lateralis. At this point, or before, 
it divided into two branches, both of which crossed over the medial aspect 
of the N. cutaneus femoris lateralis, but separated to enclose the deep 
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circumflex vessels, after which they may Join again. They then sub-
divided into four branches, one of which innervated the M, cremaster 
externus. The second branch may terminate in the tendon of insertion 
of the M, rectus abdominis in the female, and in the male continued into 
the tunics vaginalis and scrotal fascia. Of the remaining two branches, 
one. innervated the M. obliquus internus abdominis, while the other con-
tinued as the ~N, inguinalis in the inguinal canal to ramify in the inguinal 
region innervating the superficial inguinal lymph node, mammary gland 
in the female, and M. preputialis caudalis and the prepuce in the male 
(Figs. 3, 4, 9). While crossing the region of the inguinal lymph node the 
branches of this nerve penetrated the body of the lymph node. 
N, cutaneus femoris lateralis 
This nerve had a similar origin to that of the preceding, but its main 
root was the ventral branch of the L4 spinal nerve, except in that speci-
men in which the lumbar nerves had been reduced to five pairs, in which 
case the L3 spinal nerve was the main root supported by the LZ spinal 
nerve only. In 1Z out of 14 specimens this nerve was formed by the L3
and L4 spinal nerves (for variations see Table 1). The course of the N. 
cutaneus femoris lateralis was at first parallel to that of the N. genito-
femoralis in that they both lay in the interstices of the Mm, psoas major 
et minor where the nerve received a contribution from the N, genito-
femoralis. On leaving the muscle the N. cutaneus femoris lateralis re-
ceived another contributory branch from the N, genitofemoralis, passed 
lateral to it, and turned sharply ventrally and laterally at the level of the 
ventral iliac spine (tuber coxae). It penetrated the coxal attachment of 
the M. obliquus internus abdominis, or between it and the M, iliacus, 
and gained the medial surface of the M. tensor fasciae latae, under which 
it descended together with the descending branch of the deep circumflex 
iliac artery. It divided into two branches, then subdivided to produce 
four branches (Figs. 5, 6). However, two of the branches coursed craniad 
to the thigh region as they continued downwards, gained its lateral aspect 
and reached the leg just below the stifle joint. The other two branches 
followed a course towards the inguinal region and also sent branches 
cranially in the fold of the flank, being interspersed with the terminal 
branches of the deep circumflex artery. They iruiervated the subiliac 
lymph nodes in addition to the skin of the area. 
N. femoralis 
The N, femoralis arose from several roots: In seven out of 14 cases 
it was formed by the ventral branches of the L3, L4 and L5 spinal nerves 
(for variations see Table 1). In all, except one case, it had the L5 spinal 
nerve as its main root. In the exception indicated the L4 spinal nerve 
was the main root. In the three cases in which the L6 spinal nerve took 
part in the formation of this nerve only a very small twig was found in 
each case. 
The nerve took an oblique course as it left the intervertebral foramen 
of the sixth lumbar vertebra running laterally and caudoventrally, at 
first being covered by the M. psoas major on its ventral aspect (Fig. 7). 
Later it was covered by the M. iliacus in which the nerve became deeply 
buried until it left the muscle about the middle of the shaft of the ilium 
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where the nerve crossed over the lateral aspect of the inguinal ligament. 
Here it lay at the caudal border of the origin of the M. rectus femoris, 
medial to the origin of the M. vastus medialis and lateral to that of the 
M. sartorius. Along this course, extending from the cranial end of the 
sacrum, the course of the N, femoralis paralleled that of the external 
iliac vessels on its medial aspect, although the nerve was inside the 
above-mentioned muscles. Just before dipping between the Mm. sartor-
ius, vastus medialis and rectus femoris, the N, femoralis detached the 
N. saphenus. The latter nerve descended on the medial surface of the 
M. vastus medialis under cover of the M, sartorius and emerged from 
the muscles at the middle third of the thigh. The N. saphenus gave off 
a branch to the M. sartorius at its proximal end, but in some cases this 
nerve branch arose directly from the N, femoralis, although in one case 
it was also found to receive innervation from the N. obturatorius before 
the latter nerve bent into the obturator foramen. The course of the N. 
saphenus now lay between the Mm, sartorius and vastus medialis. It 
divided into radiating branches, innervating the skin on the medial aspect 
ofthe stifle region and the leg. 
The N. femoralis, on entering the space between the Mm. rectus 
femoris and vastus medialis, immediately divided into branches which 
innervated these muscles as well as the other muscles of the quadratus 
group. In its proximal part, it gave off about four to six muscular 
branches to the Mm, psoas minor and iliopsoas. 
N. obturatorius (Fig. 7) 
This nerve had almost exactly the same roots of origin as the N. 
femoralis: In six out of 14 cases it was formed by the ventral branches 
of the L3, L4 and L5 spinal nerves (for variations see Table 1). It was 
the ventral branches of the L4 and LS nerves which formed the outstand-
ing contributions to the N. obturatorius, the other roots giving only small 
twigs to it. It was in the specimen with a reduced number of lumbar 
nerves that the L3 spinal nerve added a large branch to the N. obturatorius. 
Just as the N, femoralis was covered by the M. psoas major and M. 
psoas minor so also was the N. obturatorius. However, the latter nerve 
had a course almost horizontal as it passed caudally and left the named 
muscles at the cranial end of the shaft of the ilium and lay dorsal to the 
tendon of insertion of the M, psoas minor. In the middle part of the 
shaft of the ilium it lay close to the bone until it entered the M. obtura-
torius internus to which it detached two branches, or one branch which 
ran in the same direction as the main nerve appearing on the pelvic sur-
face of the muscle. The parent trunk penetrated the M. obturatorius 
internus about the level of the pubic bone, and bent ventrally into the 
obturator foramen at its cranial border. It immediately divided into 
several branches which innervated the Mm. obturatorius externus, pec-
tineus, gracilis and adductor. In one case this nerve gave a small 
branch to the M. sartorius before it crossed over the pubis. 
Sacral Plexus 
The sacral nerves left the spinal cord by means of dorsal and ventral 
roots. The dorsal branches have been described by Gandhi and Getty 
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(1969). The large ventral branches leave the sacral canal and continue 
on the medial wall of the pelvis. The lumbosacral trunk (Truncus lumbo-
sacralis) makes up a large part of the lumbosacral plexus. It continues 
outside the pelvis as the ischiatic nerve, 
N, gluteus cranialis 
The cranial gluteal nerve arose from the lumbosacral trunk. The 
fibers of origin of this nerve were so intertwined with those of the Nn. 
ischiadicus and gluteus caudalis that it was difficult to distinguish the 
roots grossly; therefore, they should be verified by electrical stimula-
tion. However, separation was attempted as much as was practicable. 
In nine cases the nerve arose from the L5, L6 and S1 spinal nerves (for 
other variations see Table 1). In the specimen which had five pairs of 
lumbar nerves the L3 spinal nerve participated in the formation of the 
N. gluteus cranialis. The N. gluteus cranialis did not emerge as an 
entity, but as part of a plexus. The N. gluteus cranialis left the cranio-
ventral border of the plexus as a very stout nerve for about 1 cm or less. 
It soon divided in a radiating manner to innervate the Mm. gluteus pro-
fundus, medius and superficialis, and the M, tensor fasciae latae. The 
nerve of the M. gluteus profundus ran almost horizontally along the 
dorsolateral surface of the muscle parallel to the lateral border of the 
N, ischiadicus (Fig. 6). The nerve to the M. tensor fasciae latae passed 
either between the ilium and the M. gluteus profundus or between that 
muscle and the M, gluteus accessorius to reach the M. tensor fasciae 
latae, 
N. gluteus caudalis 
The caudal gluteal nerve also arose from the lumbosacral trunk, This 
nerve was one whose fibers arose with the preceding nerve. In ten cases 
it was formed by the ventral branches of the L5, L6, S1 and SZ spinal 
nerves (for other variations see Table 1). 
The N. gluteus caudalis was separated from the previously mentioned 
plexus in various ways. In most cases this occurred by means of two 
strands which appeared to be detached from the N. ischiadicus before the 
latter gave off a communicating branch to the N. pudendus (Fig. $). Less 
frequently, the N, gluteus caudalis parted with the communicating branch; 
in some cases it had a branch preceding the communicating one and an-
other branch after it. In other cases, it may run as a trunk with the N. 
cutaneus femoris caudalis, the two nerves separating in the region of the 
tuber ischii. The N. gluteus caudalis entered the Mm, semitendinosus 
and biceps femoris, and the N. cutaneus femoris caudalis penetrated be-
tween these two muscles and innervated the skin above their proximal 
attachment towards the buttocks. 
N. cutaneus femoris caudalis 
This nerve had various origins (see Table 1). In six out of 14 cases 
it was formed by the ventral branches of the SZ and S3 spinal nerves. 
In some cases the fibers which constituted this nerve ran separately 
as they crossed the proximal part of the N, pudendus and entered the 
texture of the sacropinotuberal ligament. They left the latter under the 
proximal attachment of the Mm. biceps femoris and semitendinosus 
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between which they emerged to supply the skin above these muscles. In 
other cases the fibers joined the N. pudendus, descending with it in the 
ligament for a short distance, after which they left as a single nerve, or 
in a succession of two or three branches which proceeded caudally to 
their destination as indicated above. This state of the N. cutaneus 
femoris caudalis occurred before the N, pudendus received the com-
municating branch from the N. ischiadicus. In yet another form of its 
origin it was found to divert its direction laterally and penetrate the 
ligament before reaching the N. pudendus. 
N. ischiadicus 
This was the largest of the nerves lying on the gluteal region. It 
formed a flat band over the femoral part of the M. gluteus profundus and 
traversed caudally over the Mm. gemelli, quadratus femoris, and ad-
ductor. It separated into its two terminal branches, the N. tibialis and 
N. peroneus communis (N. fibularis), about the middle of the thigh. 
In 11 out of 14 cases the N, ischiadicus derived its fibers by the ven-
tral branches of the L5, L6, S1 and SZ spinal nerves (for variations see 
Table 1). After the branches converged, about the caudal end of the first 
segment of the sacrum (including those fibers which formed the N, gluteus 
cranialis and N. gluteus caudalis), they coursed caudolaterally and ven-
trally to gain the greater ischiatic foramen where the N. gluteus cranialis 
separated from the trunk (in some cases, one of the two, or sometimes 
three, components of the N. gluteus caudalis, also separated here). The 
main N, ischiadicus continued as a flat band on the surface of the M. 
gluteus profundus, coursed over the Mm. gemelli and then over the M. 
quadratus femoris as it bent ventrally at the medial aspect of the tro-
chanter major. 
In addition to parting with the Nn. glutei, it gave off the following 
branches in succession: 1. A constant communicating branch was given 
off to the N. pudendus at the caudal limit of the greater ischiatic fora-
men. It ran along the dorsal border of the N, gluteus profundus, gaining 
entrance between the A. and V. iliaca interna--the artery being on its 
dorsal aspect and the vein ventral. The branch thus reached the lesser 
ischiatic foramen where it joined the N. pudendus. z. At the level of the 
trochanter major it gave off a large branch which supplied the proximal 
parts of the M, biceps femoris and semitendinosus. 3. The N. cutaneus 
femoris caudalis also supplied the skin just above the proximal attach-
ment of the Mm. biceps femoris by passing between them. 4. At the 
ventral aspect of the main nerve, branches were given off to innervate 
the Mm, gemelli and quadratus femoris. 5. Slightly lower on the thigh a 
large muscular branch was given off to innervate the Mm. biceps femoris 
(middle part), semitendinosus, semimembranosus, pectineus and adduc-
tor. 6. A branch was given off to innervate the distal part of the M. 
biceps femoris. This branch had a sizeable twig which penetrated the 
center of the muscle and innervated the skin on the lateral aspect of the 
thigh near the distal attachment of the M. biceps femoris. 
After all branches to the muscles in the thigh region had been given 
off, the parent trunk of the N. ischiadicus terminated by dividing into the 
N. tibialis and N, peroneus communis (N, fibularis). The entire course 
of these latter nerves is beyond the scope of this present investigation. 
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N. pudendus 
This nerve derived its fibers from all of the ventral branches of the 
sacral region, even though it did not do so at all times and in all speci-
mens: In 11 our of 14 cases it was formed by the ventral branches of 
the Sz and S3 spinal nerves (for variations see Table 1). In eight speci-
mens, the 5Z and S3 spinal nerves contributed equally to the nerve; in six 
cases only the S3 spinal nerve had a major contribution, while in one 
case the SZ spinal nerve contributed almost all the fibers to this nerve. 
The N, pudendus, after the joining of its roots, lay on the deep face 
of the sacrospinotuberal ligament, being covered by the M, obturatorius 
internus. The nerve entered the texture of the ligament and traversed 
it for a short distance, leaving it near the lesser ischiatic foramen. 
Here it was joined by a communicating branch from the N, ischiadicus. 
The trunk thus formed divided into four branches, two smaller and two 
larger ones. Sometimes, the nerve divided into two equal branches 
which subdivided into two each or, in some cases into smaller branches 
which ultimately ended in various nerves innervating the structures in 
the perineum, including the mammary gland in the female, and scrotum 
in the male. Inside the pelvis it detached a branch to the M. coccygeus. 
This branch ran at the edge of the M. sacrococcygeus ventralis or in its 
substance until it reached its destination. 
From the conjoined trunk at the lesser ischiatic foramen the following 
nerves arose in turn: N, perinealis superficialis, N. perinealis profun-
dus, N. dorsalis penis or ~kN, clitoridis (N. dorsalis clitoridis of the 
N. A. V.), R. mammarius (caudalis) or N. scrotalis caudalis, depending 
on the six of the individual, and the N, labialis. 
Nn, perineales 
These nerves existed as branches of the N, pudendus, and were easily 
confused with the N, cutaneus femoris caudalis at the point where they 
left the parent nerve. They consisted of superficial and deep sets whose 
numbers were variable. They may arise in succession or as single 
stems which separate from each other during their course near their 
origin or later near their terminations. The superficial set innervated 
the skin of the perineum while the deep set terminated in the striated 
musculature of this region. 
The N, perinealis superficialis began as a common trunk with the N. 
perinealis profundus, separated at a variable distance from the tuber 
ischii, and penetrated the tuberous attachment of the sacrospinotuberal 
ligament, after which they divided. It gained the ischioanal fossa, where 
it divided into two branches, one of which, the N. labialis, coursed to 
the anal aspect ending in the skin and the upper part of the vulva. The 
other, usually larger, branch continued over the ischial end of the M. 
semimembranosus, and supplied branches to the skin here as well as to 
that below the vulva in the female, or that of the scrotum on the perineal 
surface in the male (Figs. 3, 4, 8). In the female these nerves have been 
termed the Nn. labiales and in the male, Nn, scrotales caudales. Fur-
ther branches which did not travel in the manner described separated 
from branches of the Nn. perineales profundi and coursed laterally to 
t' he anus and upper part of the vulva. 
The N. perinealis profundus may arise from thesame trunk with the 
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N, perinealis superficialis, from which it separated to innervate the 
striated muscles of the perineum (M, sphincter ani externus, M. levator 
ani, M. constrictor vulvae, M. ischiocavernosus, and M. bulbospongio-
sus [bulbocavernosus ]). These muscles also received separate branches 
from the continuing trunk of the N. pudendus, but all were included in 
the name N, perinealis profundus. A branch always coursed from the 
N, pudendus in both sexes, and supplied the M. urethralis and M. con-
strictor vestibuli. In many cases this branch continued towards, and 
appeared to take part in, the formation of the pelvic plexus. The course 
of this branch was along the urogenital tract (Figs. 3, 4). 
The N, pudendus continued its course inclining to the ischial arch, 
the right and left nerves being close together in the midline but separated 
by an elastic sheet of fascia which fixes the penis in this region. The 
nerves passed on either side of the urethra as it bent around the ischial 
arch. Each gained the dorsal surface of the root of the penis as the N. 
dorsalis penis. At the dorsal bend of the sigmoid flexure they both in-
clined laterally (Figs. 7, 8) and from this point each nerve took a course 
which was no longer dorsal. Shortly after crossing the sigmoid flexure, 
each nerve divided into two branches which wound themselves onto the 
body of the penis as they proceeded towards its preputial end. The 
course of the nerves was spiral following the general spiral nature of 
the body of the penis. 
Each nerve gave off two branches near the ischial arch. One of these 
branches entered the M. ischiocavernosus, while the other one descended 
by the side of the sigmoid flexure and gained the inter scrotal fascia onto 
which it spread as the ~N, scrotalis medius (Fig. 8). Near the sigmoid 
flexure, the N. dorsalis penis gave off a branch which subdivided to in-
nervate the fascia enveloping the penis and the distal part of the M. re-
tractor penis. 
In the female, the N, pudendus terminated near the ischial arch by 
dividing into two branches, the ~N. clitoridis (N. dorsalis clitoridis of 
the N. A. V.) and the R. mammarius (caudalis) (Fig. 10). The ~N. clito-
ridis was directed somewhat horizontally and caudad from the ischial 
arch and followed the ventral aspect of the body of the clitoris (Fig. 3). 
From this branch a twig was given off to the fascial covering of the cli-
toris and, in some cases, more twigs reached the skin of the vulva (Figs. 
3, 4). 
During its course the R, mammarius (caudalis) detached branches 
which innervated the skin commencing at the ventral part of the vulva, 
while the remaining portion of the nerve continued to the mammary 
glands which it innervated (Fig. 3). 
N, rectalis caudalis 
While discussing the nerves of the perineum it is appropriate to men-
tion the N. rectalis caudalis (N. haemorrhoidalis caudalis). This nerve 
arose in most cases from the ventral branch of the 54 spinal nerve. In 
only three cases was the 54 observed to communicate with the 53 spinal 
nerve in the formation of the N, pudendus. The N, rectalis caudalis 
passed caudally from S4, being covered by the M. sacrococcygeus ven-
tralis, and ended in the M. sphincter ani externus and M, levator ani. 
In some cases the ~N. rectalis medius of S3 or of the N, pudendus 
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detached a branch which joined the N. rectalis caudalis, while in other 
cases the nerve passed to the same area innervated by the N. rectalis 
caudalis, or was missing as such (Fig. 6). 
Terminal portion of the spinal cord 
The vertebral canal was opened and the spinal cord exposed to obtain 
a definite idea of where each nerve could be stimulated following lami-
nectomy. Jankovic (1954), as quoted by Goller (1959), found that the 
first lumbar segment lies in the vertebra with the corresponding number, 
but the succeeding lumbar segments showed a cranial displacement. The 
lumbar segment ended at the cranial border of the sixth lumbar vertebra, 
but the intumescentia lumbalis lay between the fourth and sixth lumbar 
segments. In the present investigation the lumbar segment ended slightly 
short of the caudal end of the fifth lumbar vertebra. This is in fair 
agreement with Jankovic's findings. 
In the present investigation the sacral and all the coccygeal segments 
occupied the part extending from the caudal part of the fifth to the middle 
of the sixth lumbar vertebra. In Jankovic's (1954) work, as quoted by 
Goller (1949) the Pars sacralis (51 - 54) extended from the cranial border 
of the sixth lumber vertebra to the cranial third of the second sacral 
vertebra. The Pars coccygealis lay in the caudal two-thirds of the 
second and third sacral vertebrae. This segmentation is obviously quite 
different from that found in the present investigation. The age of the 
animal examined has much to do with this variation, for example, in the 
lamb at birth the spinal cord (conus medullaris) extended to the middle 
of the fourth sacral vertebra, at two months of age to the middle of the 
third sacral vertebra, and in full grown sheep to the middle of the first 
sacral vertebra (collar 1959). 
The Autonomic Nerves 
The sympathetic trunks (trunci sympathici) 
The sympathetic trunks in the lumbar region were located along the 
ventrolateral side of the bodies of the vertebrae between the M, psoas 
minor on the right and left, dorsolateral to the aorta abdominalis and 
vena cava caudalis. They were beset with constant ganglia placed at the 
middle of the body of each vertebra. According to Botar (19 32) they 
were similar to those of the cat and dog except that they had more regu-
lar relationships. Dyce (1958) stated that they showed a tendency to 
coalescence in the horse, which quality, although seen in a few cases in 
the sacral region was not observed in the lumbar region. There were 
six pairs of ganglia in most of the specimens except two, one of which 
had five lumbar vertebrae and the other in which the whole of the lumbar 
region was not utilized (Fig. 11). In one other specimen, however, the 
ganglia and trunk on the right side were obviously less pronounced than 
those on the left side. Uchida (1929) reported a similar number of pairs 
of lumbar sympathetic ganglia. The shape of the ganglia was influenced 
by the Rami communicantes which connected them with the spinal nerves; 
in general, the appearance was spindle-shaped. 
An extra ganglion was found at the intervertebral disc of the lumbo-
sacral junction (Fig. 12) . Botar (19 32) had named a similar finding, 
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although it did not occur in the same position as the one shown in the 
illustration, the Ganglion paravertebrale accessorium, We feel the 
term"accessory sympathetic ganglion" (Kuntz 1953) is appropriate. 
In the lumbar region some rami were seen following the lumbar ves-
sles, but no transverse communication between the two trunks was 
found. Botar (1932) recorded a number of them, and Zintzsch (1964) 
showcd these to be present at almost every segment in the sheep, 
The sympathetic trunks in the sacral region lay closer to the A. 
sacralis mediana after the second segment of the sacrum and continued 
in this manner along the A, coccygea (caudalis) mediana. 
There were observed transverse rami between some of the sacral 
and coccygeal (caudal) ganglia starting with the second sacral segment 
to the fourth coccygeal vertebra, at which point the trunks joined to 
form a single ganglion (G, impar) in specimen No. 15. 
Beyond the fourth coccygeal vertebra the two trunks joined and sepa-
rated again alternately. . At the same time oblique rami were detached 
which passed either dorsal or ventral from one side to the other, thus 
enlacing the A, coccygea mediana. Botar (19 32) reported that beyond 
the sixth coccygeal vertebra the trunks disappeared near the artery. 
At each vertebral segment fine filaments were given to the A, sacralis 
mediana and the A, coccygea mediana. 
Rami communicantes 
Communicating rami were irregular in the number present on both 
sides of the body, especially in the lumbar region, where at some seg-
ments there were two or three rami and at others only one Ramus com-
municans was found. The lumbar ganglia had no fixed pattern. The 
white rami communicantes (preganglionic) took an oblique course down-
ward to the lumbar ganglia while the branches to the spinal nerves (gray 
rami) took a transverse course (Botar 1932; Goss 1959). The branches 
of the sacral and coccygeal ganglia (postganglionic gray rami communi-
cantes) are the sympathetic roots of the sacral spinal nerves. In the 
sacral and coccygeal regions single rami communicantes were constantly 
found. While most of the Rami communicantes were connected to the 
ganglia some of them joined the trunks between ganglia as interganglionic 
rami (Rami interganglionares) and in some cases they appeared to con-
tinue as the Nn, splanchnici. Sympathetic ganglion cells which are 
present along spinal nerves and rami communicantes may be called 
"accessory (intermediate) ganglia" according to Gardner, Gray and 
O'Rahilly (1969). 
The thoracic splanchnic nerves (Nn, splanchnici major et minor) were 
observed, appearing at the level of the last two thoracic vertebrae wind-
ind lateral to the crura of the diaphragm, More were observed on the 
left side than on the right (Fig. 13). They joined the celiacomesenteric 
and suprarenal (adrenal) plexuses. 
The lumbar splanchnic nerves (Nn, splanchnici lumbales) were ob-
served again to be more on the left than on the right side (Fig. 13), Four 
to five or more were present on the left side while up to three were on 
the right side. The first of these partly joined the caudal part of the G. 
celiacomesentericus or Plexus suprarenalis (adrenal) or it may join the 
Ganglia renalia. The rest joined the Plexus intermesentericus and 
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passed on the ventrolateral aspect of the aorta abdominalis to end by 
joining the gonadal plexus and G, mesentericus caudalis, but some by-
passed these plexuses and ganglia to be continued into the Nn, hypogas-
trici. 
The Plexus intermesentericus coursed from the caudal end of the G. 
celiacomesentericus to the G. mesentericus caudalis and represented 
the part of the aortic plexus between the origins of the cranial and caudal 
mesenteric arteries. 
The Ganglia celiaca and Ganglion mesentericum craniale joined to 
form the Ganglion celiacomesentericum by means of transverse fibers, 
A Ganglion renalis was present on the left side, but the Plexus renalis 
on the right side appeared to be intermingled with the Ganglion celiaco-
mesentericum. A gonadal ganglion (testicular and ovarian) was present 
on both sides; being fused with the G. mesentericus caudalis in some 
cases and conspicuously separate in other cases. The N, hypogastricus, 
Plexus mesentericus caudalis and Plexus uretericus arose from the G. 
mesentericus caudalis. The gonadal plexus (testicular and utero-ovarian 
[ Plexus testicularis and ovaricus of the N. A.V. ]) gave rise to the testicu-
lar nerves in the male and the utero-ovarian nerves in the female, which 
followed their respective arteries. 
Nn, hypogastricus and pelvini 
These nerves were observed to come together to produce the pelvic 
plexus (Figs. 13, 14) consisting of both sympathetic and parasympathetic 
fibers. The pelvic nerves (Nn, pelvini) represent the pelvic part of the 
parasympathetic portion of the autonomic nervous system. The hypo-
gastric nerves carry the sympathetic outflow. It was also noted that a 
branch from the N, pudendus coursed cranially alongside the N. urethralis 
and joined the two nerves at the plexus. From this arrangement nerves 
passed to the M, urethralis, the bulbourethral gland, the prostate gland, 
the vesicular gland, urinary bladder, and one nerve branch was seen 
following the ductus deferens into the inguinal canal, Fibers were traced 
caudally to the middle part of the M. retractor penis and terminal portion 
of the rectum. 
Origin of the N. hypogastricus 
The immediate origin of the N, hypogastricus was the caudal mesen-
teric ganglion and the plexus formed at this point. It is likely that fibers 
from ganglia as far craniad as the last thoracic may find their way to this 
nerve via the aortic plexus, or through the lumbar splanchnic nerves. It 
was at the caudal mesenteric plexus that fibers were recognizable to be 
crossing from one side to the other. ~n:one case, however, i, e_. , speci-
men No, lZ, more contributions to the Nn, hypogastrici were seen to 
come from the L6 and S1 sympathetic ganglia, where, also, contralateral 
communication between these ganglia was found. 
The hypogastric nerve left the caudal end of the ganglion in a similar 
manner on the two sides of the body, coursed horizontally alongside the 
rectum, and turned somewhat ventrally and caudally in the cranial third 
of the pelvic cavity. It came in contact with the pelvic nerve with which 
it formed the pelvic plexus at the neck of the urinary bladder and cervix 
uteri. Along with the nerve was the A, urogenitalis (Getty 1955, 1964) 
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which vessel was distributed together with the various filaments of the 
pelvic plexus. 
Plexus pelvinus 
The Plexus pelvinus is a bilateral autonomic plexus formed by the N. 
hypogastricus and N. pelvinus (Figs. 13, 14). It is a plexus responsible 
for the innervation of the urogenital and terminal digestive tract. In ten 
out of 13 specimens examined the Nn, pelvini originated from the ventral 
branches of the SZ and S3 spinal nerves. In the remaining three speci-
mens the Nn. pelvini were formed by roots from the ventral branches of 
the S1 and 5Z spinal nerves. 
The N, pelvinus coursed ventrally and slightly cranially on the medial 
surface of the M. obturator internus outside the perietal peritoneum to 
gain the rectovesical fold of peritoneum, where it met the N. hypogas-
tricus with which it formed the pelvic plexus. At this point also was 
found the *A, urogenitalis whose branches were intermingled and dis-
tributed together with the nerve filaments arising from the pelvic plexus. 
Relationship of Nn, pudendus, hypogastricus and pelvinus 
The Nn. pudendus, hypogastricus and pelvinus had a reciprocal rela-
tionship in supplying innervation to the pelvic viscera. The N, pelvinus 
was principally parasympathetic, the N, hypogastricus sympathetic. The 
N, pudendus contained motor fibers, sensory fibers and postganglionic 
sympathetic fibers (Gardner, Gray and O'Rahilly 1969). Electrophysio-
logical methods should be used to determine the extent of these fibers in 
the pudendal nerve of our domestic animals. In all of the specimens 
examined, the N. pudendus had a .unique relationship with the N. pel-
vinus in that the origin of the former always shared roots with the latter. 
It was also noted that the Rami communicantes to the roots concerned in 
giving rise to the two nerves, appeared to be joining the roots which 
formed the N. pudendus. 
The N. pudendus in all cases had a communicating branch from the N. 
ischiadicus which joined it at the lesser ischiatic foramen. 
Ganglia in the sacral and coccygeal regions 
The sacral sympathetic ganglia were all well represented and the fol-
lowing features were noted. The first pair was triangular to quadra-
lateral in shape. The second pair of the sacral ganglia was joined by a 
transverse anastomosis from which the A, sacralis mediana received 
filaments. The third pair also communicated in a plexiform manner. 
The left ganglion appeared more caudally placed than the right one. The 
cord of the left side split into three branches, two of which joined the 
respective ganglion, and one crossed to the opposite ganglion. From the 
ganglion on the right side an oblique ramus joined the ganglion on the 
left side (Fig. 14). The fourth sacral and the two conspicuous coccygeal 
ganglia were closely applied to the A, coccygea (caudalis) mediana. 
Small filaments were seen to be joining the artery in this region caudally. 
After the fourth coccygeal vertebra the sympathetic trunks became in-
creasingly small and difficult to isolate. 
The coccygeal sympathetic ganglia appeared to fluctuate in size, some 
being imperceptibly small and others just large enough to identify. 
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Three pairs and one single ganglion were found, all lying in the middle of 
the vertebral bodies, along the A, coccygea mediana to the fourth coccy-
geal vertebra where the single ganglion was found. The two sympathetic 
cords converged to this ganglion (ganglion impar) so that it took a posi-
tion dorsal to the artery. The pelvic portion of the sympathetic trunk 
was located against the ventral surface of the sacrum and coccygeal ver-
tebrae. 
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Figure 1. Lumbosacral plexus of the pig, left side, ventral view. 
Specimen No. 2. 
1 Th =last thoracic spinal nerve - has a cutaneous branch and a 
branch to the Mm. obliquus externus abdominis, transversus 
abdominis and rectus abdominis. 
Z Cranial branch of N, iliohypogastricus - to the skin and M. obliquus 
externus abdominis. 
3 Caudal branch of N, iliohypogastricus - to the Mm. transversus 
abdominis and rectus abdominis. 
4 Cranial branch of N, ilioinguinalis - to M, obliquus externus 
abdominis and skin. 
5 Cranial intermediate branch of N. ilioinguinalis - to Mm, obliquus 
internus abdominis and rectus abdominis and skin. 
6 Caudal intermediate branch of N, ilioinguinalis - to Mm, obliquus 
internus abdominis, obliquus externus abdominis and skin. 
7 Caudal branch of N, ilioinguinalis -special to M. obliquus internus 
abdominis . 
8 Branches to Mm. psoas major and minor. 
9 N. genitofemoralis. 
9' Branch of 9 to M, obliquus internus abdominis. 
9" and 9 "' Continuation of 9 through inguinal canal as *N. inguinalis. 
10 N. cutaneus femoris lateralis. 
11 Branches to M. psoas major. 
1 Z N, femoralis. 
13 N, obturatorius. 
14 N. gluteus cranialis. 
15 N. ischiadicus. 
16 Communicating branch from N. ischiadicus to N. pudendus. 
17 N. pudendus. 
18 N. pelvinus. 
19 Nn. rectales caudales (Nn, haemorrhoidales caudales). 
Ll - L6 Ventral branches of Nn. spinales lumbales. 
S1 - 54 Ventral branches of Nn. spinales sacrales. 
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Figure 2. Ventral branches of the lumbar and sacral spinal nerves and 
the sympathetic trunk, ventral view. Specimen No. 4. 
1 N. ilioinguinalis 
2 N, genito,femoralis 
3 N, cutaneus femoris lateralis 
4 N. femoralis 
5 N, obturatorius 
6 N. ischiadicus 
7 N. pudendus 
8 Communicating branch from N. ischiadicus to N. pudendus 
9 N, cutaneus femoris caudalis 
10 Branch of 7 to M. coccygeus 
11 Nn, rectales caudales (Nn, haemorrhoidales caudales) to M. levator 
ani and anal skin 
12 N, gluteus cranialis 
13 Truncus sympathicus 
14 Ganglion sympathicum sacrale primum 
A Rudiments of last rib on left side 
B M. transversus abdominis 
C M. psoas major incised and displaced to the side to show the nerves 
innervating it 
Li - L5 Ventral branches of Nn. spinales lumbales 
51 - S4 Ventral branches of Nn. spinales sacrales 
Th. Ventral branch of the last thoracic spinal nerve 
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Figure 3. Lumbosacral plexus. Right side. Specimen No. 3. 
1 N. genitofemoralis 
2 N, cutaneus femoris lateralis 
3 Branch of 2 to Mm, obliquus internus abdominis and cremastericus 
externus 
4 R, genitalis (~~N, inguinalis terminates as inguinal mammary 
branches) 
5 N, femoralis 
6 N. obturatorius 
7 N, gluteus cranialis 
8 N, ischiadicus 
9 N. gluteus caudalis 
10 Communicating branch from N, ischiadicus to N. pudendus 
11 N. pudendus 
12 N, cutaneus femoris caudalis 
13 Branch of 11 to M, coccygeus 
14 Nn, rectales caudales (Nn, haemorrhoidales caudales) to M, levator 
ani and anal skin and a branch joining Nn, coccygei 
15 N, perinealis superficialis (N. labialis) from 11 
16 and 17 Nn, perineales profunda from 11 to Mm, sphincter ani 
externus, constrictor vulvae and adjacent skin 
18 =~~N. clitoridis from 11 (N, dorsalis clitoridis of N.A. V,) 
19 p.. rnammarius (caudalis) from 11 
20 Branch from 11 to urogenital tract 
21 Plexus pelvinus 
22 N, hypogastricus 
L3 - L6 Ventral branches of Nn, spinales lumbales 
S1 - S4 Ventral branches of Nn, spinales sacrales 
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Figure 4. Lumbosacral plexus of the pig, left side. Specimen No. 3. 
1 N. iliohypogastricus 
2 N, ilioinguinalis 
3 Branch to M, psoas major 
4 Branch to M. obliquus internus abdominis 
5 N. genitofemoralis (N. genitalis; N. spermaticus externus) 
6 N, cutaneus femoris lateralis 
7 Branch to Mm, obliquus internus abdominis and cremastericus 
exte rnu s 
8 =~N. inguinalis (Continuation of 5) 
9 N, femoralis 
10 N. obturatorius 
11 N. gluteus cranialis 
12 N, pelvinus 
13 N, pudendus 
14 Branch of 13 to M, coccygeus 
15 N. cutaneus femoris caudalis 
16 Nn. rectales caudales (Nn, haemorrhoidales caudales) to M. 
levator ani and adjacent skin 
17 Branch from S4 joining Nn, coccygei to ventral coccygeal muscles 
18 N, perinealis superficialis (N, labialis) from 13 
19 N. ischiadicus 
20 Communicating branch from N, ischiadicus to N. pudendus 
21 N, perinealis profundus to M, sphincter ani externus and M. 
constrictor vulvae and adjacent skin 
22 wN, clitoridis (N, dorsalis clitoridis of N. A. V.) 
23 R, mammarius (caudalis) 
24 N, gluteus caudalis 
Ll - L6 Ventral branches of Nn. spinales lumbales 
S1 - S4 Ventral branches of Nn, spinales sacrales 
Th Ventral branch of last thoracic spinal nerve 
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Figure 5. Lumbosacral plexus: nerves spread out, lateral view. 
Specimen No. 6. 
1 Ventral branch of last thoracic spinal nerve (Th) 
2 N, iliohypogastricus 
3 a, b, c and d. N, ilioinguinalis and its branches 
4 N. genitofemoralis 
4a Branch of 4 to N. rectus abdominis 
5 N. cutaneus femoris lateralis 
6 Branch of 4 and 5 forming '~N. inguinalis 
7 Branch of 4 to M. obliquus internus abdominis 
8 Branch of 4 to M. cremastericus externus 
9 Branch of N, femoralis to M, iliacus 
10 N, femoralis 
11 Branches of 10 to M. iliopsoas 
12 N, saphenusfrom 10 
13 Branches of 10 to M. quadratus femoris 
14 N. obturatorius 
15 N. ischiadicus 
16 N. gluteus cranialis 
17 N, gluteus caudalis 
18 N. pelvinus 
19 Communicating branch from N. ischiadicus to N, pudendus 
20 Branch of N, pudendus to urogenital tract 
21 N. hypogastricus 
22 Branch of N, pudendus to M. coccygeus 
23 N. cutaneus femoris caudalis 
24 N, pudendus 
25 Nn, rectales caudales (Nn, haemorrhoidales caudales) 
26 ~N. rectalis medius (N, haemorrhoidalis medius) 
27 N. perinealis superficialis (N. labialis) from 24 
28 N, perinealis profundus to Mm. sphincter ani externus and 
constrictor vulvae 
29 ~N. clitoridis (N. dorsalis clitoridis of N.A. V.) 
30 R, mammarius (caudalis) 
Ll - L6 Ventral branches of Nn. spinales lumbales 
S1 - S4 Ventral branches of Nn, spinales sacrales 
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Figure 6. Paralumbar, gluteal and femoral regions, left side. Specimen 
No. 9 . 
1 Ventral cutaneous branch of the 22 Branch of 8 to distal part of 
last thoracic spinal nerve M. biceps femoris 
2 Ventral cutaneous branch of 23 N, cutaneus surae caudalis 
Ll spinal nerve 24 N. tibialis 
3 and 4 Ventral cutaneous branch 25 N. peroneus communis 
of LZ spinal nerve (N, fibularis) 
5 N. cutaneus femoris lateralis M, longissimus (dorsi) 
6 N. gluteus cranialis M. obliquus internus abdominis 
7 Branch of 6 to M. gluteus M. obliquus externus abdominis 
profundus M. iliacus 
8 N, ischiadicus M. vastus lateralis 
9 N. gluteus caudalis M. biceps femoris 
10 Communicating branch from N. 
ischiadicus to N. pudendus 
11 N, pudendus 
12 N. cutaneus femoris caudalis 
13 Branch of 11 to M, coccygeus 
14 Branch of 11 to urogenital tract 
15 Continuation of 11 as N. dorsalis 
penis and ~N. scrotalis medius 
16 N, perinealis profundus 
17 N, perinealis superficialis 
18 Branch from S3 to M. sphincter 
ani externus (~N. rectalis 
medius) 
19 N, rectalis caudalis (N. 
haemorrhoidalis caudalis) 
20 Branch from 8 to proximal part 
of M. biceps femoris 
21 Branch from 8 to Mm, semi-
tendinosus and semimembranosus 
A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
M, gastrocnemius 
M, soleus 
M. semitendinosus 
M, semimembranosus 
M, retractor penis 
M. levator ani (M. retractor 
ani, M, coccygeus medius) 
N M. coccygeus 
O Glandula vesicularis 
P M, rectus femoris 
Q M. gluteus profundus 
R M, sphincter ani externus 
S M, transversus abdominis 
S1 - 54 Ventral branches of 
Nn, spinales sacrales 
Cyl Ventral branch of N, coccygis 
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Figure 7. Lumbosacral plexus, left side, medial view. Specimen No. 9. 
1 N, iliohypogastricus 
2 N. ilioinguinalis 
3 N. genitofemoralis 
4 N. cutaneus femoris lateralis 
5 R, genitalia (=.~N, inguinalis) 
6 Branch of 3 to M, cremaster externus 
7 N, femoralis 
8 N, obturatorius 
9 N, ischiadicus 
10 N. pelvinus 
11 N, pudendus 
1 Z N. cutaneus femoris caudalis 
13 ~N. scrotalis medius (sinister) from N. dorsalis penis 
14 N. dorsalis penis from 11 
15 Branch of 3 to M, obliquus internus abdominis 
16 Branch of 14 to M. retractor penis 
A M, transverses abdominis 
B M. rectus abdominis 
C M, quadrates lumborum 
D Penis 
E M, cremaster externus 
F M, retractor penis 
G Gl, bulbourethralis 
H M. gracilis 
J Urethra 
K Rectum 
M M. obliquus internus abdominis 
N Ligamentum inguinalis 
Ll - L6 Ventral branches to Nn, spinales lumbales 
S1 - 52 Ventral branches of Nn, spinales sacrales 
Th Ventral branches of last thoracic spinal nerve 
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Figure 8. Sympathetic trunks and their relationship to the pudendal and 
pelvic nerves, lateral view. Specimen No. 11. 
1 Thoracic splanchnic nerves 
2 Trunci sympathici (dexter et sinister) 
3 Plexus aorticus abdominalis 
4 Cranial branch of plexus mesentericus caudalis (along cranial 
branch of A, mesenterica caudalis) 
5 N. testicularis of Plexus testicularis (spermaticus internus) 
6 Ganglion for 5 
7 Ganglion mesentericus caudalis 
8 Caudal branch of plexus mesentericus caudalis (along caudal 
branch of A, mesenterica caudalis) 
9 N. hypogastricus (dexter) 
10 Ganglion sympathicum sacrale primum 
11 N. pelvinus 
12 N, pudendus 
13 Communicating branch from N. ischiadicus to N. pudendus 
14 Branches from pelvic plexus to M, retractor penis and to rectum 
15 Common nerve trunk for Nn. perinealis superficialis et profundus 
16 Branch of 12 to urogenital tract 
17 N. perinealis superficialis giving origin to N. scrotalis caudalis 
18 ~N, scrotalis medics from 12 
19 N. dorsalis penis (continuation of 12) 
20 Branch of 19 to distal part of M, retractor penis 
21 N. ductus deferentis 
A ureter K M. cremaster externus 
B bladder M M. ischiocavernosus 
C ductus defer ens N penis 
D glandula vesicularis 
E glandula bulbourethralis 
F rectum 
G M, retractor penis 
H M. sphincter ani externus 
J testis 
O preputial diverticulum 
Ll - L6 Lumbar vertebrae 
S1 - 54 Sacral vertebrae 
Cyl - CyZ Coccygeal vertebrae 
T$ Last two thoracic vertebrae 
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Figure 9. Somatic and autonomic nerves of the lumbar and pelvic 
regions, ventral view. Specimen No. 12. 
1 Ganglion testicularis 
2 Ganglion mesentericus caudalis 
3 N, testicularis of Plexus 
testicularis (spermaticus 
internus) 
4 N. hypogastricus 
5 Rami splanchnici sacrales 
joining 4 
6 N, pelvinus 
7 Plexus vesicalis 
8 Branches from truncus sym-
pathicus to M. retractor penis 
9 Plexus pelvinus 
10 Plexus rectalis to terminal 
part of rectum and M. 
sphincter ani internus 
11 Branch from N. pudendus to 
urogenital tract 
12 Branch from LZ and L3 to 
M. cremaster externus 
13 N, genitofemoralis 
13' R, genitalia (~N. inguinalis) 
14 N. cutaneus femoris lateralis 
15 N. obturatorius 
16 N, femoralis 
17 Truncus sympathicus 
18 N, ischiadicus 
19 N. pudendus 
20 Branches of LZ and L3 to 
M, cremaster externus 
21 Branch, of L3 to M. psoas major 
A Aorta 
B A, and V, iliaca externa 
C ureter 
D bladder 
E Vas deferens 
F Aa, umbilicalis et ve sicalis 
cranialis 
G rectum 
H M. cremaster externus 
J M, retractor penis 
K Glandula vesicularis 
M Urethra and M, urethralis 
N M, obliquus internus abdominis 
O M, rectus abdominis 
P Ln, inguinalis superficialis 
Q A, and V, pudenda externa 
R ~A, urogenitalis 
T A, circumflexa ilium profunda 
U Glandula bulbourethralis 
V M. quadratus lumborum 
W A, testicularis (A. spermatica 
int a rna) 
X A, colica sinister 
L3 and L4 Ventral branches of 
Nn, spinale s lumbale s 
S1 and SZ Ventral branches of 
Nn, spinales sacrales 
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Figure 10. Disposition of the pelvic plexus, left view. Specimen No. 15. 
1 Ganglion mesentericus caudalis 
1' rN, utero-ovaricus (N, ovaricus of N. A. V.) 
2 N. hypogastricus 
3 N. pelvinus 
4 Branch from N. pudendus toward Plexus pelvinus 
5 Plexus rectalis (Plexus haemorrhoidalis) 
6 N, pudendus 
7 R. mammarius (caudalis) 
8 =~~N. clitoridis from 6 (N, dorsalis clitoridis of N. A. V.) 
9 Plexus pelvinus 
10 Plexus vesicalis 
A Ovary 
B Uterus 
C Vagina 
D Ureter 
E Bladder 
F Rectum 
G '~~A, utero-ovarica (A, ovarica of N.A. V.) 
H A, umbilicalis 
J A. iliaca interna 
K A, glutea cranialis 
M ~A, urogenitalis 
N Ramus uterinus of -~A, urogenitalis 
O ^ A. rectalis media (A, haemorrhoidalis media) 
P Anastomosis between (=xA, urogenitalis and A, pudenda interna) 
R A. pudenda interna 
S A. clitoridis 
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Figure 11. Disposition of the sympathetic trunks and collateral ganglia 
in the lumbar region, ventral view. Specimen No. 15. 
1 Truncus vagalis dorsalis (dorsal esophageal branch of vagus nerve) 
2 Thoracic splanchnic nerves 
3 Nn. splanchnici lumbale s 
4 Ganglia celiacomesenterici 
5 Ganglion renalis 
6 Plexus renalis 
7 Ganglion mesentericus caudalis 
8 N. hypogastricus 
9 ~N. utero-ovaricus (N. ovaricus of N. A. V.) 
10 Cranial branch of plexus mesentericus caudalis (along cranial 
branch of A, mesenterica caudalis) 
11 Caudal branch of plexus mesentericus caudalis (along caudal 
branch of A. mesenterica caudalis 
A M. psoas major 
B Aorta 
C A. celiaca 
D A. mesenterica cranialis 
E A. renalis 
F ~'~A. and V. phrenico-abdominalis 
G Arteries to Glandula suprarenalis (adrenalis) 
H A. mesenterica caudalis 
J ''FA. utero-ovarica (A. ovarica of N. A. V.) 
K A. iliaca externs 
L1 - L6 Ventral branches of Nn. spinales lumbales 
Th Last thoracic spinal nerve 
SOMATIC AND AUTONOMIC NERVES OF THE PIG 75 
Figure 12. Somatic and autonomic nerves of the pelvic and coccygeal 
regions, ventral view. Specimen No. 14. 
1 N, femoralis 
2 N. obturatorius 
3 N, ischiadicus 
4 N. pelvinus 
5 N, cutaneus femoris caudalis 
6 N. pudendus 
7 Communicating branch from N, ischiadicus to N. pudendus 
8 Branch from 6 to M. coccygeus 
9 Continuation of 6 as ~4N. clitoridis (N. dorsalis clitoridis of N. A. V.) 
and R. mammarius (caudalis) 
10 Branch of 6 as Nn. perinei 
11 Accessory sympathetic ganglion 
12 Plexus formed by the right and left sympathetic trunks at the 
third sacral ganglia 
13 N. gluteus caudalis 
14 N. rectalis caudalis (N, haemorrhoidalis caudalis) 
15 Branches from S3 to M. sphincter ani externus (N, perinealis 
profundus) 
A M. quadratus lumborum 
B M, transversus abdominis 
C O s ilium (cut) 
L4 - L6 Ventral branches of Nn. spinales lumbales 
51 - 54 Ventral branches of Nn, spinales sacrales 
Cyl - CyZ Ventral branches of Nn, coccygei 
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Figure 13. Somatic and autonomic nerves of the lumbar and pelvic 
regions, ventral view. Specimen No. 11. 
1 N. iliohypogastricus 
2 N. ilioinguinalis 
3 Branch of L3 to Mm. psoas major et minor 
4 R, genitalis (N, spermaticus externus) 
5 N. cutaneus femoris lateralis 
6 N. femoralis 
7 N. obturatorius 
8 N. ischiadicus 
9 N. gluteus cranialis 
10 N. pelvinus 
11 Communicating branch from N, ischiadicus to N. pudendus 
12 N. pudendus 
13 Branch of 12 to M. coccygeus 
14 and 14~ Thoracic splanchnic nerves 
15 Truncus sympathicus 
16 Ganglia lumbalia 
17 Plexus aorticus abdominalis (systematic autonomici) 
18 Cranial branch of plexus mesentericus caudalis 
19 Caudal branch of plexus mesentericus caudalis 
20 Ganglion mesentericus caudalis 
21 N. hypogastricus (dexter et sinister) to plexus pelvinus 
22 Ganglion sympathicum sacrale primum 
23 N. perinealis superficialis from 12 
24 Continuation of 12 as Nn, dorsalis penis and ~scrotalis medius 
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25 Ganglion et nervus testicularis at the base of A, testicularis 
(A, spermatica interna) 
L1 - L6 Ventral branches of Nn, spinales lumbales 
S1 - 54 Ventral branches of Nn, spinales sacrales 
CYi 
Th 
Ventral branch of first coccygeal spinal nerve 
Ventral branches of last two thoracic spinal nerves 
J. J. .4 .4 .4 J. J. J. ~4 
Figure 14. Somatic and autonomic nerves of the lumbar and pelvic 
regions, ventral view. Specimen No. 13. 
1 N, iliohypogastricus 
2 N, ilioinguinalis 
3 Branch from 2 to M, cremaster externus 
4 Branch from 3 to M, psoas major 
5 R, genitalia (N, spermaticus externus) 
6 N. cutaneus femoris lateralis 
7 N, femoralis 
8 N, obturatorius 
9 N, gluteus cranialis 
10 N, ischiadicus 
11 Communicating branch from N, ischiadicus to N. pudendus 
12 N. pudendus 
13 Branch from 53 to M. coccygeus 
14 N. pelvinus 
15 Thoracic splanchnic nerve 
16 Ganglion celiacus 
17 Ganglion mesentericus cranialis 
18 Ganglion et plexus renalis 
19 Ganglion testicularis at base of A, testicularis (A. spermatica 
inte rna) 
20 Ganglion mesentericus caudalis 
21 N, hypogastricus 
22 Caudal branch of plexus mesentericus caudalis (along caudal 
branch of A, mesenterica caudalis) 
23 Branch from Truncus sympathicus to M. retractor penis 
24 N, splanchnicus lumbalis 
A Aorta abdominalis 
B Vena cava caudalis 
C M, retractor penis 
D =~A. phrenico-abdominalis 
E A, renalis 
Ll - L6 Ventral branches of Nn, spinales lumbales 
S1 - S4 Ventral branches of Nn, spinales sacrales 
Cyl Ventral branch of first coccygeal nerve 
Th Last thoracic spinal nerve 
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ABSTRACT. New species of Pronotocrepis  are _P, ribesi
from Washington and P, ruber  from Oregon. New Euro-
piella  are E, franseriae  from Arizona; E_. similis  and 
signicornis  from Arizona and Nevada; E_. fuscicornis
from Colorado; E_, flavicornis  from Colorado and Wyo-
ming; E_. pallida  from Utah; and E_, sarcobati  from Ore-
gon and Washington. New species of Hesperocapsus  are 
_H. major  and H_. nigricornis  from Utah; H. hixsoni  from 
Oklahoma; and H, tinctus  from Arizona 
Key to the species of Pronotocrepis 
1. Second antennal segment with basal one-third exceeding thickness 
of first antennal segment  2 
Second antennal segment with basal one-third not exceeding thick-
ness of first antennal segment; length (~) 5.8 mm 
clavicornis Kngt. 
2. Pronotal disk with basal angles broadly rounded; embolium and 
cuneus pallid; length (~). 5. 8 mm ribesi n, sp. 
Pronotal disk with basal angles sharply rounded; embolium and 
cuneus blood red; length (9) 5. 1 mm  ruber n, sp. 
Pronotocrepis ribesi new species 
Closely related to clavicornis Kngt. , but differs in the longer second 
antennal segment which in length exceeds basal width of pronotum; thick'- 
ness of segment II, 0.31 mm, is subequal to half the width of vertex. 
Male. Length 5.9 nun, width 3. 2 mm. Head: width 1.22 mm, ver-
tex . 68 mm; a few scattered black bristles on frons and genae; color red, 
the broadly convex frons more yellowish. Rostrum, length 3. 0 mm, 
reaching upon fifth ventral segment, fuscous to black. Antennae: seg-
ment I, length . 54 mm, thickness . 17 mm, reddish brown to black; II, 
2. 5 mm, apical two-thirds clavate, greatest thickness . 34 mm, dark 
reddish brown to black, clothed with recumbent black hairs, basal one-
fourth pallid to reddish brown, thickness less than segment I; III, .82 
mm, slender, brownish black; IV, . 58 mm, slender, brownish black. 
Pronotum: length 1. 12 mm, width at base 2. 2 mm; lateral margins 
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explanate, edge nearly straight, broadly and strongly reflexed, basal 
angles broadly rounded; anterior margin flat with no indication of a col-
lar, fitting closely upon collum and behind eyes; disk rather flat, brown-
ish black, irregularly rugose, sparsely set with dusky short pubescent 
hairs which arise from shallow punctures; calli moderate, slightly con-
vex, pallid anteriorly, delimited by an impressed line along posterior 
margins; propleura broadly hollowed out beneath the sharp, explanate 
lateral margins of the disk, pallid, broadly red behind the coxal cleft, 
the cleft extending far up to near anterior angles. Scutellum moderately 
convex, brownish black like the moderately exposed mesoscutum. Heme-
lytra dark brownish black, moderately shining, pubescence short, re-
cumbent; embolium strongly arcuate, white, cuneus deflexed, pallid, the 
apical third fuscous to black; membrane and veins uniformly dark fus-
cous brown. Ventral surface dark reddish, venter brownish black. Legs 
white, femora red, tibiae pallid with apices fuscous, tarsi black. Geni-
tal segment and claspers rather similar to clavicornis Kngt. , but mar-
gin of genital cavity more sharply elevated on the left side. 
Female. Length 5. 8 mm, width 3. 3 mm. Head: width 1. 3 mm, 
vertex . 69 mm. Rostrum, length 3. 0 mm, reaching to base of ovipositor, 
Anrtennae: segment I, length . 50 mm; II, 2. 65 mm, apical two-thirds 
clavate, thickness . 32 mm; III, . 71 mm, slender; IV, . 54 mm. Prono-
tum, length 1. 12 mm, width 2. 2 mm. Coloration very similar to the 
male except ventral surface without reddish; femora pale yellowish. 
Holotype: d' June 21, 1932, Tieton Canyon, Washington (A. R. Rolfs); 
Knight Collection. Allotype: ~, same data as the type. Paratypes: 8d, 
6~ June 21, 1932, collected with the types on Ribes sp, by A. R. Rolfs 
where the species was breeding. 
Pronotocrepis ruber new species 
Allied to ribesi but size smaller, second antennal segment thicker on 
basal half; basal angles of pronotum more sharply rounded; color chiefly 
red, the embolium and cuneus blood red. 
Female. Length 5. 1 mm, width 2. 68 mm. Head: width 1.22 mm, 
vertex . 64 mm; red, blood red beneath, vertex yellowish to red. Ros-
trum, length 2. 7 mm, reaching upon fifth ventral segment, fuscous, 
apex black. Antennae: segment I, length . 30 mm, thickness . 15 mm, 
reddish black; II, 2. 38 mm, thickness . 32 mm on apical third, basal 
third . 20 mm thick, tapering down to equal thickness of segment I near 
base, red, the apical third more reddish black; III, . 74 mm long, slen-
der, black; IV, . 47 mm, black. Pronotum: length 1.02 mm, width at 
base 1.93 mm; lateral margins reflexed, edges nearly straight, basal 
angles more sharply rounded than in ribesi, disk dark fuscous to black, 
the calli and just before, yellowish to red; propleura blood red. Scutel-
lum and mesoscutum brownish to reddish black, Scutellum transversely 
wrinkled and striate. Hemelytra dark reddish black, emboler margin 
strongly arcuate, punctures and pubescence nearly as in ribesi, embo-
lium and cuneus blood red; membrane and veins dark brownish black. 
Ventral surface deep red to reddish black, venter reddish black. Legs 
pale to yellowish, femora more or less reddish, tibiae reddish, the hind 
pair deep red, the tarsi black. 
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Holotype: ~ June 17, 1938, Hart Mt. , Oregon (Schuh and Gray). 
This specimen came to hand many years ago, identified as clavicornis
Kngt. , by Dr. Hsaio. 
Europiella similis new species 
Allied to stigmosa Uhler, but may be distinguished by the shorter 
rostrum which does not reach apex of middle coxae; second antennal 
segment black at base, the basal one-fourth to one-half may be black. 
Male. Length 3. 2 mm, width 1. 3 mm. Head: width .85 mm, vertex 
. 54 mm; fuscous to black, genae and bucculae pallid. Rostrum, length 
.85 mm, reaching to near middle of intermediate coxae, yellowish, 
apical half black. Antennae: segment I, length . 20 mm, black; II, . 68 
mm, cylindrical, pale yellowish, basal one-third fuscous brownto black; 
III, . 41 mm, fuscous; IV, broken. Pronotum: length . 54 mm, width at 
base 1.09 mm; disk fuscous to black, anterior margin, and spot at mid-
dle of lateral margin, pallid to white; propleura white, a fuscous patch 
on middle behind coxal cleft. Mesonotum moderately exposed, black, a 
pale spot each side near lateral margin. Scutellum pallid to white, a 
triangular black spot at middle of base. Hemelytra fuscous to black, 
base of clavus, basal one-third to half of corium, embolium except api-
cal one-fourth, pallid to white; cuneus black, the base more or less 
pallid; membrane fuscous, veins pallid. Dorsal surface clothed with 
recumbent to appressed, silvery, sericeous pubescence, and intermixed 
with lesser amounts of more erect, pale pubescent hairs. Ventral sur-
face pale to fuscous and black, venter dark fuscous to black, bearing 
silvery, sericeous pubescence. Legs pallid, marked with fuscous and 
black; femora white, dorsal surface fuscous to black, basal half paler 
but with two or three blackish spots, anterior aspect with three or four 
smaller fuscous spots, also two or three small fuscous spots on ventral 
aspect; tibiae white, spines black and arising from prominent black spots; 
tarsi fuscous to black. 
Female. Length 2.7 mm, width 1.36 mm. Head: width .78 mm, 
vertex . 54 mm pallid to white, vertex infuscated, frons with transverse 
fuscous striae; clypeus pallid, apex and. a spot on base black, also a 
fuscous line each side on basal half. Rostrum, length . 85 mm, reaching 
to near apex of middle coxae, pallid, apical half blackish. Antennae: 
segment I, length . 17 mm, black; II, . 58 mm, slender, pallid, basal 
half fuscous to black; III, . 37 mm, slender, pale fuscous; IV, . 27 mm, 
dusky. Pronotum: length . 48 mm, width at base 1.09 mm, disk pallid 
to white, calli fuscous to black; propleura white, sternum black. Scutel-
lum white. Hemelytra pallid to white, apical half of clavus, inner half 
of corium, and cuneus except across base, fuscous to black; membrane 
pale fuscous, veins pallid. Pubescence very similar to that of the male. 
Ventral surface pallid to white; venter pallid, the genital segments only 
with dark fuscous and black. Legs more broadly pallid, femora with 
line of black spots on dorsal surface, more broadly black only on apical 
one -fourth, 
Holotype: d June 23, 1965, Area 19 M, Nevada Test Site (H. H. Knight 
and Joe Merino). Knight Collection, U.S. N. M. Allotype: d' June 11, 
1965, Area 17 M, Nevada Test Site (H. H. Knight and Joe Merino). 
Paratypes: d' June 11, 1965, Area 17 M; 2d June 22, 3d3~ June 23, 
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Area 19 M; d' June 22, 1965, Area 401 M (H. H. Knight and Joe Merino), 
collected on Artemisia tridentata. ARIZONA: 9 June 24, 1925, alt. 
7000 ft. , Williams (A. A. Nichol). 
This species was considered to be merely a variation of stigmosa 
Uhler when working on the Nevada paper (19 68), but more study of the 
material shows we are dealing with a separate species. 
Europiella fuscicornis new species 
In the key (Knight 1968) this species runs in the couplet with pilosus
(Uhler), but differs in the shorter second anternal segment which in 
length (~ is subequal to width of head, in the female just slightly less; 
the rostrum longer, reaching upon posterior trochanters. 
Male. Length 3. 5 mm, width 1. 26 mm. Head: width .78 mm, ver-
tex .57 mm; pallid to dusky. Rostrum, length 1.05 mm, reaching upon 
posterior trochanters. Antennae: segment I, length . 20 mm, fuscous; 
II, . 85 mm, cylindrical, slightly more slender on basal half, fuscous 
brown; III, . 61 mm, fuscous; IV, . 44 mm, fuscous. Pronotum: length 
. 42 mm, width at base . 95 mm; pallid, calli infuscated, propleura pal-
lid to dusky. Mesonotum moderately exposed, pallid to fuscous. Scutel-
lum pallid to dusky. Hemelytra pallid to dusky, cuneus pale fuscous; 
membrane pale fuscous, veins opaque white. Dorsal surface clothed 
with suberect, pallid to silvery, simple pubescent hairs, sparsely inter-
mixed with more appressed, slivery sericeous pubescence. Ventral 
surface pallid to pale fuscous; venter pallid, genital segment fuscous to 
dark brown. Legs pallid, femora with fuscous spots and dots; hind 
femora with four fuscous spots along dorsal margin, ventral margin with 
one spot and three fuscous dots on apical half, central area with several 
tiny dots; tibiae pallid to white, spines black and with small spot at base 
of each; tarsi pale, apical segment and claws fuscous. 
Female.  Length 2. 7 mm. , width 1. 15 mm. Head: width . 82 mm, 
vertex , 44 mm; pallid to white, eyes brown, tip of clypeus fuscous. An-
tennae: segment I, Length . 18 ~mm, brownish black, apical edge pallid; 
II, . 64 mm, fuscous brown; III, . 51 mm, dusky brown; IV, . 34 mm, 
fuscous. Rostrum, length 1.06 mm, reaching upon posterior trochanters; 
pallid, apical half fuscous to black. Pronotum: length . 40 mm, width at 
base . 88 mm, pallid to white, calli faintly indicated with brownish. 
Hemelytra and scutellum uniformly pallid, opaque. Ventral surface 
rather uniformly pallid to white. Legs pallid, femora with fuscous spots 
and dots as found in the male. 
Holotype: d' August 25, 1925, Hudson, Colorado (H, H. Knight), col-
lected on  Artemisia filifolia; Knight Collection. Allotype: 9 Autust 24, 
1925, Estes Park, Colorado (H. H. Knight), taken on Artemisia filifolia. 
Europiella  flavicornis  new species 
Allied to  fuscicornis,  but distinguished by the yellowish antennae; 
also differs in having numerous minute fuscous points only on hind femora. 
Male. Length 3. 4 mm, width 1. 2 mm. Head: width . 75 mm, vertex 
. 44 mm; uniformly pallid, eyes brown. Rostrum, length 1. 12 mm, 
reaching upon apex of hind coxae, pale yellowish, apex fuscous. Anten-
nae: segment I, length . 20 mm, yellowish brown; II, .85 mm, cylindri-
cal, uniformly yellowish; III, . 68 mm, yellowish brown; IV, . 41 mm, 
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dusky brown. Pronotum: length , 47 mm, width at base 1.05 mm; uni-
formly pallid. Mesonotum moderately exposed, yellowish, 5cutellum 
pallid to yellowish. Hemelytra uniformly pallid, subopaque, cuneus not 
marked or shaded; membrane pale to dusky, apical half scarcely darker, 
veins opaque white. Dorsal surface clothed with recumbent, pale to yel-
lowish simple hairs, intermixed with more appressed, silvery, serice-
ous pubescence. Ventral surface pallid to white, venter slightly yellow-
ish to dusky, clasper s and tip of flagellum blackish; one specimen with 
mesosternum and basal area of genital segment infuscated. Legs uni-
formly pallid, femora sometimes dusky, but not obscuring the numerous 
fuscous dots or points which cover the whole anterior aspect of the hind 
femora; tibiae pallid, spines dark brown, dots at base of spines incon-
spicuous. 
Holotype: d August 26, 1925, Sterling, Colorado (H. H. Knight); 
Knight collection. Paratypes: 2d', taken with the type. 3d' August 25, 
1925, Hudson, Colorado (H. H, Knight), collected on Artemisia filifolia 
along with type specimens of Hesperocapsus artemisicola Kngt. 
WYOMING: d July 29, 1931, Saratoga (H. H. Knight). 
Europiella pallida new species 
Runs in my key (1968) to the couplet with albipubescens Kngt. , from 
which species it differs by the smaller size; also differs by the second 
antennal segment which in length is subequal to width of head in both 
sexes. 
Male. Length 2.9 mm, width 1. 2 mm. Head: width .71 mm, vertex 
41 mm; pallid. Rostrum, length . 88 mm, reaching to apex of hind 
coxae, pallid, apex black, Antennae: segment I, length , 17 mm, pale 
yellowish; II, . 71 mm, pale yellowish; III, . 40 mm, fuscous; IV, . 27 mm, 
dusky, Pronotum: length . 44 mm, width at base .95 mm, pallid. Meso-
notum moderately exposed, yellowish; scutellum pallid to yellowish. 
Hemelytra uniformly pallid, opaque; membrane pale to dusky, veins 
opaque white. Dorsal surface clothed with recumbent, pale pubescent 
hairs and intermixed with more appressed, silvery sericeous pubescence. 
Ventral surface and venter pallid to white, claspers and tip of flagellum 
black, Legs pallid to opaque white, anterior aspect of hind femora with 
several minute, dusky points on apical half; tibial spines black, a small 
black point at base of primary spines; tarsi dusky, apical segment and 
the claws black. 
Female. Length 2.8 mm, width 1. 2 mm. Head: width . 66 mm, ver-
tex . 42 mm; pallid. Rostrum, length .92 mm, reaching to apex of hind 
coxae. Antennae: segment I, length . 18 mm, pallid; II, . 65 mm, pallid; 
III, . 44 mm, pale; IV, . 30 mm, pale. Pronotum: length , 40 mm, width 
at base .92 mm, Pubescence and coloration very similar to the male. 
Holotype: d' June 30, 1965, St. George, Utah (H, H. Knight and A. H. 
Barnum); Knight Collection. Allotype: 9, taken with the type on Arte- 
misia sp. Paratypes: ld', 99 collected with the types on Artemisia sp. , 
a silvery white species which is more abundant than A, tridentata in the 
State Park some 10 miles north of St. George. 
Europiella sarcobati new species 
Runs in my key (1968) to the couplet with albipubescens, but may be 
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separated by the shorter second antennal segment which in length (~ is 
subequal to width of head, and less than width of head for the female; 
flagellum more slender, not triangular shaped on apex. 
Male. Length 3. 2 mm, width 1.36 mm, Head: width .88 mm, ver-
tex .47 mm; pale yellowish. Rostrum, length . 98 mm, reaching upon 
apex of middle coxae, yellowish, apex black. Antennae: segment I, 
length . 20 mm, greenish yellow; II, . 88 mm, pale yellowish; III, . 47 mm, 
dusky yellow; IV, . 34 mm, dusky. Pronotum, length . 52 mm, width at 
base 1.09 mm, pale greenish yellow. Mesoscutum moderately exposed, 
yellowish. Scutellum moderately convex, pale greenish yellow. Heme-
lytra pale greenish yellow, cuneus pallid, subtranslucent, Membrane 
pallid to clear, apical half slightly dusky; veins pallid to opaque white. 
Dorsal surface sparsely clothed witr. suberect pale to yellowish pubes-
cent hairs, golden brown in some angles of light, and intermixed with 
more appressed, silvery sericeous pubescence. Ventral surface pallid 
to yellowish, venter greenish white; genital segment yellowish, claspers 
yellowish, tip of flagellum fuscous, slender on apex. Legs yellowish, 
femora with numerous small fuscous dots; tibiae nearly white, tibial 
spines brown, with fuscous dot at base of each; tarsi pallid, claws dark. 
Female. Length 3.0 mm, width 1. 4 mm. Head: width .92 mm, ver-
tex . 54 mm. Rostrum, length 1.02 mm, reaching upon apex of middle 
coxae. Antennae: segment I, length . 20 mm; II, . 78 mm; III, . 52 mm; 
IV, . 37 mm. Pronotum: length . 44 mm, width at base 1.12 mm. More 
robust than the male but very similar in coloration and pubescence. 
Holotype: d' June 19, 1932, Yakima, Washington (A. R. Rolfs); Knight 
Collection. Allotype: ~, collected with the type. Paratypes: 6~', 79, 
taken with the types on Sarcobatus vermiculatus (A. R. Rolfs), OREGON: 
4d', 8~, June 26, 1926, LaGrande (E. W. Davis). 
Europiella signicornis new species 
Runs in my key (1968) to the couplet with unipuncta Kngt., but differs 
in the shorter second antennal segment which in length (~ does not equal 
width of head, and in the female segment II is just equal to width of ver-
tex plus dorsal width of an eye. 
Male. Length 2. 6 mm, width 1. 12 mm, Head: width . 7 3 mm, vertex 
. 44 mm; pallid. Rostrum, length . 85 mm, reaching upon posterior tro-
chanters, pallid, apex black. Antennae: segment I, length . 17 mm, 
pallid, sometimes fuscous; II, .61 mm, pallid, sometimes fuscous on 
base; III, . 37 mm, yellowish; IV, . 30 mm, yellowish. Pronotum, length 
. 37 mm, width at base .98 mm, pallid. Mesonotum and scutellum pallid. 
Hemelytra uniformly pallid; membrane pale white, subopaque, veins 
opaque white. Dorsal surface clothed with pallid, or golden in some 
lights, suberect, simple pubescence, intermixed with recumbent and 
appressed, silvery, sericeous pubescence. Ventral surface pallid; 
claspers fuscous, tip of the flagellum fuscous. Legs pallid, femora with 
a few obscure fuscous dots, tibiae white, base of tibia with a prominent 
black spot; tibial spines long, black, having a small black spot at base of 
spines, spots more obscure on apical half; tarsi pallid, claws fuscous. 
Female. Length 2.9 mm, width 1. 3 mm. Head: width . 74 mm, ver-
tex . 44 mm, pallid. Rostrum, length . 95 mm, reaching upon hind coxae. 
Antennae: segment I, length . 17 mm, pallid; II, . 58 mm, pallid, some-
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times fuscous at base; III, broken. Pronotum, length . 40 mm, width at 
base .95 mm. Color and pubescence very similar to that of the male. 
One female specimen from Wells, Nevada, matches the type female 
in form and structure, but having antennal segment I, and basal half of 
segment II, fuscous to black. 
Holotype: d  ` June 22, 19 25, Grand Canyon, alt. 7000 ft. , Arizona (A. 
A. Nichol); Knight Collection. Allotype: ~, same data as the type. 
Paratypes: 59, taken with the types. 19, July 12, 1965, Wells, Nevada 
(H. H. Knight), was swept from a shrub that I believe was an Atriplex. 
Europiella franseriae new species 
Runs in my key (1968) to the couplet with humeralis Van D. , but dif-
fers clearly by the shorter second antennal segment (9) which does not 
equal width of vertex plus dorsal width of an eye. 
Female. Length 2. 4 mm, width 1.15 mm. Head: width . 74 mm, 
vertex . 44 mm; fuscous to black, paler above, vertex pale, frons yel-
lowish, marked with transverse fuscous striae. Rostrum, length .78 mm, 
reaching upon posterior coxae, yellowish, shaded with fuscous. Anten-
nae: segment I, length . 17 mm, yellowish, with two fuscous points on 
dorsal aspect; II, . 55 mm, subcylindrical, slightly more slender on 
basal half, light yellow; III, . 40 mm, yellowish; IV, . 31 mm, dusky yel-
low. Pronotum, length . 37 mm, width at base .88 mm, pale yellowish, 
calli fuscous, propleura pale to yellowish. Mesonotum pale fuscous, a 
paler spot each side near margin. Scutellum pale to yellowish, more or 
less infuscated on basal angles. Hemelytra pale to yellowish, subtrans-
lucent; cuneus pale to dusky; membrane almost clear, yet showing a 
dusky shading, veins opaque white. Dorsal surface thickly clothed with 
recumbent and appressed, silvery, sericeous pubescence, and inter-
spersed with suberect, simple pale pubescent hairs. Ventral surface 
pale to fuscous, sternum and venter almost black; also clothed with sil-
very, sericeous pubescence. Legs pallid to yellowish, coxae fuscous; 
femora with rows of fuscous dots, hind pair with four larger dots along 
ventral margin; tibiae pallid to white, spines black, also with fuscous 
spots at base of spines; tarsi and claws fuscous. 
Holotype: ~ March 4, 1941, Gila Bend, Arizona (Loyd L. Stitt); 
Knight Collection. Paratypes: 3~, collected with type and nymphs on 
Franseria deltoides. 
Europiella albata new species 
Runs in my key (1968) to the couplet with albipubescens Kngt. , and 
may be distinguished by the longer rostrum which reaches upon apex of 
the hind coxae. 
Female. Length 2.7 mm, width 1.9 mm. Head: width . 73 mm, vert 
tex . 44 mm, uniformly white. Rostrum, length 1. 10 mm, reaching upon 
tips of hind coxae, pallid, apex black. Antennae: segment I, length , 17 
mm, pallid; II, . 68 mm, pale yellowish; III, . 30 mm, yellowish; IV, . 28 
mm, yellowish. Pronotum, length . 44 mm, width at base 1.02 ~mm, 
uniformly pallid or white. Mesonotum and scutellum pallid or white. 
Hemelytra uniformly pallid or white, opaque; membrane uniformly milky 
white, veins opaque white. Dorsal surface clothed with recumbent and 
appressed silvery, sericeous pubescence, and intermixed with more 
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erect, pallid, simple pubescent hairs. Ventral surface uniformly pallid 
to white, no indications of infuscation. Legs pallid or white, hind femora 
with minute dusky dots on anterior aspect; tibiae white, spines black, 
each with a fuscous dot at base. 
Holotype: 9 November 4, 1939, Jackson Co. , Oklahoma (E. Hixson); 
Knight Collection. Paratype: 19, same data as the type. 
Europiella bakeri (Bergroth) 
1895 Agalliastes signatus Uhler, Bul. Colo. Exp. Sta. 31:55 (n. sp.) 
1898 Chlamydatus bakeri Bergroth, Wien. Ent. Zeit. 17:35 (n, n, for 
preoc, signatus Uhler) 
1917 Chlamydatus bakeri Van Duzee, Univ. Cal. Pub. Ent. 2:417 (cat.) 
1955 Europiella bakeri Carvalho, Rev. Chil. Ent. 4:227 (n, comb.) 
1958 Europiella bakeri Carvalho, Arq. Mus. Nac. Brasil, 45:46 (cat.) 
The identity of this species has been in doubt since the type specimen 
did not receive a type label, and therefore has gone unrecognized by 
later workers. The writer has examined much Colorado material and 
always checking to locate a few little known species described by Uhler. 
I have found specimens that fit the original description of signatus Uhler 
and offer the evidence as follows. Uhler states: "Head short, acute, 
moderately convex, carinate on the occipital margin; the vertex with a 
yellow band between the eyes." A male specimen in hand has "a yellow 
band between the eyes" just as described for signatus. Other characters 
also agree so I feel satisfied I have the species that Uhler described. 
This species runs in my key (1968) to the couplet with angulatus (Uhler) 
but may be separated from that species by the shorter second antennal 
segment, which in length (~ only slightly exceeds width of head. A re-
description of signatus Uhler follows, under name bakeri (Bergroth). 
Male. Length 3. 5 mm (to tip of membrane), width 1. 3 mm. Head: 
black, buccula pallid, vertex yellowish, forming "a yellow band between 
the eyes." The occipital margin is sharp angled, suggesting a Carina, 
but actually no elevation is present. Rostrum, length 1.10 mm, reach-
ing upon apex of middle coxae, yellowish with orange, "fulvotestatceous" 
with apex piceous. Antennae: segment I, length . 22 mm, black; II, .86 
mm, black, more brownish black on apical half; III, . 68 mm, brownish 
black; IV, . 38 mm, brownish. Pronotum, length . 54 mm, width at base 
1.02 mm; fuscous to black, basal half of disk pale to yellowish brown; 
propleura blackish, ventral margin pallid, basal margin narrowly pale. 
Mesonotum blackish, a pale spot each side near margin. Scutellum 
rather flat, fuscous black. Hemelytra fuscous to brownish black, claval 
suture pallid, embolium and basal area of corium pallid to white; cuneus 
pale on base and narrowly at apex; membrane rather evenly fuscous, 
somewhat darker within areoles, veins pallid. Dorsal surface clothed 
with recumbent to appresaed, silvery sericeous pubescence, intermixed 
with suberect, pale to yellowish pubescent hairs. Ventral surface fus-
cous to brownish black; coxae brownish black, apex paler, front and mid-
dle femora fulvo-testaceous to dark brown, a few fuscous points or dots 
on apical half; hind femora rather uniformly brownish black, without 
spots, somewhat paler near base, apices fulvous; tibiae pallid to white, 
spines black, arising from black spots, base or knee with large black 
spot; tarsi yellowish to fuscous brown, claws black. 
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Female. Length 3. 4 mm, width 1. 4 mm. Head: width .92 mm, 
vertex . 58 mm; pallid, frons dusky brown, clypeus fuscous at base and 
on apex, juga and Lora pale fuscous, bucculae pallid. Rostrum, length 
1.05 mm, reaching upon apex of middle coxae, pale yellowish, apex 
black. Antennae: segment I, length . 23 mm, black; II, .81 mm, basal 
half brownish black, apical half yellowish; III, . 68 mm, brownish; IV, 
. 40 mm, fuscous. Pronotum, length . 51 mm, width at base 1. 12 mm; 
pallid, calli light brownish. Mesonotum pallid, fuscous on middle. 
Scutellum pallid to fuscous. Hemelytra pallid, somewhat dusky on clavus 
and cuneus; membrane pallid to pale fuscous, veins opaque white. Dor-
sal surface clothed with pubescence similar to that of the male. Ventral 
surface pallid, sternum fuscous, coxae and sides of venter becoming 
fuscous. Legs pallid, femora with several fuscous dots on anterior face; 
hind femora with row of dots above, with a larger subapical black spot 
above, with four or five ventral spots, also smaller fuscous dots on mid-
dle section; tibiae similar to that of the male. 
These females are chiefly pallid in color as is true of the species 
angulatus (Uhler), but the spotting of the hind femora is stronger and 
with larger spots in angulatus.
Redescription of bakeri (Bergroth) is drawn from the following speci-
mens: 6d', 8~, August 15, 1925, Dolores, Colorado (H. H. Knight), col- 
lected by sweeping Artemisia sp. , probably tridentata. 
Hesperocapsus major new species 
Allied to davisi Kngt. , but size much larger; distinguished from other 
species by form of male clasper s, and by structure of the tergal pro-
cesses, three in number and about equal in length (Fig. 1). 
Male. Length 7. 5 mm, width 2. 4 mm. Head: width 1. 12 mm, ver-
tex . 64 mm; pallid to greenish. Rostrum, length 1. 5 mm, pallid, apex 
black, reaching near posterior margin of mesosternum. Antennae: seg-
ment I, length . 61 mm, thickness . 17 mm, pallid to yellowish; II, 1.94 
mm, cylindrical, thickness .136 mm, brownish yellow, clothed with 
simple golden hairs and intermixed with more erect black, bristle -like 
hairs; III, 1.36 mm, pale fuscous; IV, .52 mm, dusky. Pronotum, 
length 1.05 mm, width at base 1.94 mm; pallid to green. Mesonotum 
moderately exposed, yellowish. Scutellum moderately convex, pale 
greenish, yellowish on base. Hemelytra pallid to light green, embolium 
white, yellowish near apex; cuneus uniformly greenish, outer edge nar-
rowly pallid; membrane uniformly pale dusky, veins pallid to green. 
Dorsal surface thickly clothed with erect, pale and fuscous hairs thickly 
intermixed with recumbent and appressed, silvery sericeous pubescence. 
Ventral surface pallid to greenish, mesosternum white. Legs rather 
uniformly pallid, femora rather thickly and uniformly dotted with fuscous, 
black hairs arise from the larger dots; tibiae pallid, bearing black spines 
which arise from small fuscous dots; tarsi yellowish, claws black. Geni-
tal segment pallid to green; claspers distinctive, also with three rather 
small tergal processes (Fig. 1). 
Female. Length 6. 1 mm, width 2. 8 mm; embolar margin strongly 
arcuate, brachypterous, membrane reduced to area less than size of the 
cuneus. Head: width 1.30 mm, vertex .80 mm; convex, clypeus pro-
jecting strongly forward; pallid or white. Rostrum, length 1.42 mm, 
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reaching to near middle of mesosternum, pallid, apex black. Antennae: 
segment I, length .54 mm, thickness . 20 mm; pallid, bearing strong 
black bristles; II, 1.94 xnni, cylindrical, thickness just half that of seg-
ment I, pallid, thickly set with strong black bristles; III, 1.53 mm, pale 
dusky yellow; IV, broken. Pronotum, length . 88 mm, width at base 1. 8 
mm, pallid to white; anterior angles with several strong black bristles, 
lateral margins of disk rounded, not sharp. Hemelytra short, brachyp-
terous, pallid to greenish, embolium white, also outer edge of corium 
white; membrane absent, one areole present, size about equal to the 
cuneus; two tergites of the abdomen are visible from above. Ventral 
surface white, venter more green. Coloration and the pubescence quite 
similar to that of the male. 
Holotype: d` June 15, 196 7, Beryl Junction, 4 mi, north, Iron County, 
Utah, taken on Artemisia  tridentata  (U. S. N. M. Coll.). Allotype: ~, 
taken with the type. Paratype: d', collected with the types. 
Hesperocapsus nigricornis new species 
Allied to davisi Kngt. , in form of the left clasper, but may be dis-
tinguished from all known species by the black antennae; rostrum short, 
reaching only to posterior margin of mesosternum. 
Male. Length 6.0 mm, width 1.9 mm. Head: width .98 mm, vertex 
. 58 mm; white, frons shaded with green, eyes brown. Rostrum, length 
1.15 mm, just reaching to posterior margin of mesosternum, pallid, 
apical segment black. Anterulae: segment I, length . 44 mm, fuscous 
over green; II, 1.73 mm, cylindrical, thickness less than I, black, 
clothed with short fine pubescence; III, 1. 4 mm, slender, black; IV, . 46 
mm, black. Pronotum, length . 78 mm, width at base 1.42 mm, white 
to greenish, calli and anterior margin of disk white. Mesonotum moder-
ately exposed, yellowish to black, Scutellum moderately convex, pallid 
to green. Hemelytra pallid to green, embolium white, cuneus uniformly 
greenish; membrane uniformly dusky, veins opaque white, marked with 
green. Dorsal surface clothed with rather long, suberect to erect, pal-
lid hairs, intermixed with short, prostrate and appressed, silvery seri-
ceous pubescence; venter clothed with the same. Ventral surface pallid 
to white, venter shaded with green pigment in hypodermic. Legs white 
to greenish, femora sparsely marked with fuscous dots; tibiae pallid, 
spines black, each with a small fuscous dot at base. Genital segment 
with distinctive claspers and tergal processes (Fig. 2). 
Female, Length 4, 9 mm, width 2, 0 mm. Head: width 1.12 mm, 
vertex . 68 mm; frons projecting strongly forward. Rostrum, length 
1.22 mm, just reaching posterior margin of mesosternum. Antennae: 
segment I, length . 40 mm, pallid; II, 1.56 mm, fuscous to black; III, 
brown. Pronotum, length .78 mm, width at base 1. 4 mm. Hemelytra 
much shorter than in the male. Pubescence and coloration very similar 
to the male. 
Holotype: a' June 15, 1967, Vego, 4 mi. north, Washington Co. , Utah, 
on Chrysothamnus nauseosus; U. S. N. M. coll. Allotype: ~, taken with 
the type. Paratype: d', collected with the type. 
Hesperocapsus hixsoni new species 
Allied to sericatus  (Uhler), but size much smaller; distinguished by 
the wide, blade-like form of the tergal process on the left side. 
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Male, Length 4. 2 mm, width 1, 7 mm, Head: width , 9 3 mm, vertex 
, 44 mm, greenish yellow. Rostrum, length 1, 25 mm, reaching upon 
apex of middle coxae, yellowish, apex fuscous, Antennae: segment I, 
length . 27 mm, thickness , 12 mm; II, 1. 12 mm, thickness . 12 mm, 
yellowish; III, 1.02 mm, dusky yellow, Pronotum, length , 74 mm, 
width at base 1.53 mm; pallid to yellowish green. Mesonotum narrowly 
exposed, yellowish. Scutellum moderately convex, pale yellowish, 
Hemelytra pallid to greenish yellow; membrane pale fuscous, veins yel-
lowish whit,, Dorsal surface clothed with rather long, sparsely set, sub-
erect pale to yellowish simple hairs, and intermixed with recumbent to 
appressed, silvery sericeous pubescence, Ventral surface pale to yel-
lowish, Legs uniformly pale to yellowish, hind femora with weak spot-
ting of dusky color; tibiae and spines pallid to yellowish; tarsi pale, 
third segment and claws fuscous, Genital segment distinctive, the ter -
gal process on the left side is wide and flat (Fig, 3), 
Female, Length 4, 4 mm, width 1. 8 mm. Head: width . 95 mm, ver-
tex , 48 mm; pale yellowish. Rostrum, length 1, 3 mm, reaching to mid-
dle of intermediate coxae, Antennae: segment I, length , 30 mm, thick-
ness .136 mm; II, 1, 26 mm, cylindrical, thickness , 07 mm, pale yel-
lowish, III, .98 mm, yellowish; IV, , 40 mm, dusky yellow, Pronotum, 
length , 78 mm, width at base 1.49 mm; pale to greenish yellow, Dorsal 
surface pale to greenish yellow, clothed with pubescence similar to the 
male, Ventral surface and legs rather uniformly pale to yellowish as 
described for the male. 
Holotype: d  ` June 21, 1940, Tillman County, Oklahoma (Homer Hixson); 
Knight Collection, Allotype: 9, same data as the type, Paratypes: 2a', 
collected with the types on Gaura villosa (Homer Hixson), Named in honor 
of the collector, Dr, Homer Hixson, who did his graduate work in Ento-
mology at Iowa State College many years ago. 
Hesperocapsus tinctus new species 
Allied to stitti Kngt. , but distinguished by the broader vertex, slightly 
longer rostrum, light brownish color with reddish tint, the venter with 
some red in the hypodermic; also related to abroniae Kngt, , but dis-
tinguished by form of right clasper, and form and position of the tergal 
processes (Fig. 4), 
Male. Length 5, 9 mm, width 2, 0 mm, Head: width 1, 02 mm, ver-
tex , 41 mm; pallid to brownish, eyes red brown, Rostrum, length 1.77 
mm, reaching to middle of hind coxae, light yellowish brown, apex dark 
brown, Antennae: segment I, length , 34 mm; II, 1.56 mm, thickness 
on apical half almost equal to that of segment I; III, . 88 mm; IV, , 30 mm, 
color light brown, Pronotum, length , 85 mm, width at base 1.63 mm; 
light brown, calli darker brown; propleura light brown, Mesonotum 
moderately exposed, pale brown, Scutellum moderately convex; pale 
brown, a fine longitudinal red line each side of median line. Hemelytra 
subtranslucent, pallid but with a brown tint; embolium nearly white, 
opaque; membrane uniformly pale dusky brown, veins opaque white. 
Dorsal surface clothed with suberect, pale to dusky simple pubescent 
hairs, and sparsely intermixed with recumbent and appressed, silvery 
sericeous and dusky pubescence, Ventral surface pale to dusky brown 
with a tint of reddish on venter. Legs pale dusky brown, femora with a 
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Figures 1-4. Male genital segment for species of Hesperocapsus, show-
ing claspers and tergal processes, 
1, c. 
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t, p. 
left clasper 
right clasper 
tergal process 
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few dusky spots, changing in some angles of light; tibiae pale to dusky, 
spines brown, without distinct spots. Genital segment, claspers and 
tergal processes distinctive (Fig. 4). 
Female. Length 5.9 mm, width 2. 3 mm. Head: width 1.02 mm, 
vertex . 51 mm. Rostrum, length 1.86 mm, reaching upon middle of 
hind coxae. Antennae: segment I, length . 34 mm; II, 1.50 mm, cylin-
drical, more slender than in the male; III, . 85 mm; IV, . 34 mm. Pro-
notum, length . 95 mm, width at base 2. 0 mm. More robust than the 
male but coloration and pubescence very similar. 
Holotype: d' April 20, 1937, Tempe, Arizona (Loyd L. Stitt); Knight 
Collection. Allotype: ~, same data as the type. Paratypes: 2d', 49, 
taken with the types on Abronia sp, 
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ARTERIAL SUPPLY TO THE GENITALIA AND 
ACCESSORY GENITAL ORGANS OF 5WINE1
Quiterio Nunez2 and Robert Getty3
ABSTRACT. Ten animals, five males and five females, 
were used for the investigation of the blood vessels 
supplying the genital tract and accessory genital or-
gans of swine. Additional material, consisting of ten 
uteri from nonpregnant female pigs was employed for 
the preparation of corrosion specimens. 
Injection methods were followed by gross dissections 
which were supplemented by the study of corrosion 
specimens. Various techniques were employed to ob-
tain detailed information of the vascular pattern of the 
genital tract in both sexes. The terminology in the 
literature regarding the vessels to the genital tract 
of the domestic animals is variable, but the 1968 N, A. V. 
nomenclature was followed when deemed feasible. 
This study confirmed that the blood supply of the 
genital tract of the swine was derived mainly from 
four sources, namely, the A, testicularis or ovaricus, 
A. umbilicus, A. urogenitalis (A. vaginalis or A, pros-
tatica) ; and A, pudenda interna. The A, testicularis 
or ovarica arose from the Aorta abdominalis while the 
remaining vessels were derived from the A. iliaca in-
terna. The accessory organs associated with the geni-
tal system, such as the mammary glands, prepuce and 
scrotum, were supplied by branches of the A, thoracica 
interna and the A. profunda femoris. 
INTRODUCTION 
There has been an increased interest in the pig as an experimental 
animal in recent years. In addition, the continued studies in relation to 
swine reproduction and clinical and surgical procedures performed on 
swine demand a detailed understanding of their anatomy. A review of the 
1 Taken in part from a 1964 M.S. thesis by Dr. Nunez under the direction 
of Dr. Getty, Department of Veterinary Anatomy, Iowa State University, 
Ames. 
z Present address: Professor of Veterinary Anatomy, Faculty of Veteri-
nary Anatomy, Faculty of Veterinary Medicine, Universidad Nacional 
Mayor de San Marcos, Lima, Peru. 
s Professor and Head, Department of Veterinary Anatomy, Iowa State 
University, Ames, Iowa 50010. 
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literature reveals that there has been relatively little detailed descrip-
tive anatomy of the blood vessels of swine, except the summary and ex-
cellent work of Sieber (1903). Anatomical veterinary texts describe the 
vascular system of the swine in a comparative manner to that of other 
species, particularly the bovine. 
Because of increasing interest and research in reproductive prob-
lems in swine, it was felt by the authors in 1962, that a detailed study 
of the blood supply to the male and female genitalia should contribute to 
a better understanding of these problems related to reproductive anatomy 
and physiology. The results of this study were published in detail in 
thesis form in 1964 (Nunez 1964), In 1965, Oxenreider eL a_l, reviewed 
the arteries and veins of the internal genitalia of the female swine. 
MATERIALS AND METHODS 
Ten normal pigs were used for this investigation, five males and five 
females. The group consisted of two breeds —eight Yorkshire and two 
Hampshire. The ages of the animals ranged from eight to eighteen 
months and were determined according to Pope (1934). For the prepara-
tion of corrosive specimens, additional material (ten uteri from non-
pregnant sows) was obtained from an abattoir. 
The animals used for gross dissection were first anesthetized and the 
left carotid artery was exposed and cannulated. Exsanguination was ac-
complished through the cannula. Frequent flexing of both the fore- and 
hind limbs permitted better bleeding. For the purpose of injecting the 
arteries following bleeding, the thorax was opened on the left side by 
resection of the fourth rib. The aortic arch was exposed and ligated 
immediately below the origin of the brachiocephalic trunk. This was 
followed by injection into the arterial system. Cementex, l a basic latex 
compound (pH = 8), was used as the injection mass. According to the 
method of Hill (1937), 2`~o ammonia water solution was added to the latex 
in the ratio of 4: 6, in order to reduce its viscosity, Immediately follow-
ing the administration of the injection mass, at a pressure of 100 mm 
Hg. , the specimens were stored in the cooler for 3 days. 
The materials used for making corrosion specimens were injected 
according to the following procedure. The specimens were removed 
from the carcasses, according to the method described by Reuber (1954), 
and placed in the refrigerator for Z4 hours. Subsequently, they were 
put into water containers at a temperature of approximately 37 ° C. The 
ovarian (utero-ovarian) and (middle) uterine arteries and the ovarian 
(utero-ovarian) vein were cannulated using ground hypodermic needles 
of various sizes. The needles, connected with the above-mentioned 
arteries, were adjusted to a T-glass tube and also to the injecting equip-
ment by means of rubber tubes. Prior to injection, warm, normal, sal-
ine solution was used to rinse the vessels until the fluid flowing through 
the cannula connected to the vein was clear. 
Approximately 100 cc of red latex solution was injected into the arter-
ies. Upon completion of the injection the cannulae were removed. The 
vessels were ligated and the specimens were stored in a coolerfor 3 days 
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A caliper was used for measuring the arteries. 
The N.A. V. (1968) nomenclature has been followed except in a few 
instances which are indicated by an asterisk (=`). 
RESULT S 
The A, thoracica interna, averaging 4. 5 mm in peripheral diameter, 
arose as a collateral branch from the ventral wall of the A, subclavia, 
medial to the first rib (Fig. 1). It passed in a caudoventral direction to 
reach the cranial border of the M. transversus thoracis, and then con-
tinued further along the dorsal faces of the costal cartilages below this 
muscle, usually ending medial to the 6th rib as the A, musculophrenica 
and A, epigastrica cranialis (Fig. 1). Terminations of the parent vessel 
were variable. The A, thoracica interna supplied the thoracic mammary 
glands by means of collateral twigs departing from it at the level of each 
intercostal space. The twigs are as follows: 
1. The Rami intercostales ventrales arose from the lateral side of 
the main vessel (Fig. 1). They ascended, pierced the intercostal muscles, 
and soon divided into two branches. One of the branches anastomosed 
with the homologous descending artery, whereas, the other terminated 
as perforating branches, Rami perforantes, running ventrally to supply 
the Mm, pectorales, subcutaneous tissue and skin of the region. Those 
corresponding to the 5th and 6th Rami intercostales supplied the lateral 
and medial aspects of the first pair of mammary glands and ended, 
forming a circle, around the base of the nipples. In 2 of the 10 speci-
mens, the left 4th, 5th and 6th Rami intercostales were derived from a 
common trunk which arose from the parent vessel medial to the 3rd 
intercostal space. 
2. The Rami sternales arose from the medial side of the principal 
vessel. After supplying the M, transversus thoracis, the arteries left 
the thoracic cavity and ended, giving off twigs along the Mm, pectorales 
and the medial aspect of the 1st pair of thoracic mammary glands (Fig. 1). 
The _A, epigastrica cranialis (profundus), averaging 3. 1 mm in exter-
nal diameter, was considered to be the continuation of the A, thoracica 
interna (Fig. 1) and supplied the abdominal mammary glands via rami 
mammarii. In both the male and female the vessel left the rib cage at 
the angle formed by the last costosternal junction, then continued caud-
ally on the M, rec tus abdominis to anastomose with the A. epigastrica 
caudalis (profundus) immediately behind the umbilicus. Anastomotic 
branches with the branches of the A, circumflexa ilium profunda were 
observed. At the level of the tendinous inscriptions of the M, rectus 
abdominis, the A. epigastrica cranialis gave off the following branches: 
1. The lateral branches were given off from the lateral wall of the 
parent vessel. They extended dorsally, at first, on the M, rectus ab-
dominis, and then advanced between the Mm, transversus abdominis and 
obliqui internus abdominis and externus abdominis to anastomose with 
the ventral branches of the Aa, intercostales and Aa, phrenicae caudales. 
Z. The medial branches passed ventrally toward the median plane 
(Fig. 1), giving off branches which, after passing through the abdominal 
wall, supplied the abdominal mammary glands of the female. The 
branches to the last abdominal gland anastomosed with the branches of 
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the A, pudenda externa. In the male, the last medial branch usually 
gave off a strong vessel which passed somewhat obliquely to the prepuce. 
This vessel supplied the M. preputialis cranialis (M. protractor pre-
putii), the subcutaneous tissue and the skin. After anastomosing with 
twigs from the preputial branch of the A, pudenda externa it ended with-
in the lateral wall of the prepuce. 
The A. ~rofunda femoris (Figs. Z, 3), averaging 4, 3 mm in peripheral 
diameter, arose from the caudal face of the A, iliaca externa, medial to 
the caudal head of the M. sartorius. It ran in a slightly ventrocaudal 
direction to advance between the M, vastus medialis, laterally, and the 
M. pectinus, medially, after giving off the pudendoepigastric trunk and 
the A, cremasterica (A, spermatica externa). The vessel then continued 
farther as the A, circumflexa femoris medialis under the acetabulum 
through the M, adductor, describing an arch medial to the muscles. One 
of the branches, the Ramus obturatorius, ran laterally to the M, obtura-
tor externus to approach the obturator foramen and the M. obturator in-
ternus, where it divided into two secondary branches, One of the latter, 
directed cranially, anastomosed with the A, obturatoria and the other, 
after supplying the M, obturator internus, ran caudally to anastomose 
with the terminal branches of the =~=A, urogenitalis on the lateral wall of 
the urethra, or with muscular branches of the M. obturator internus 
given off by the A, pudenda interna. The Ramus obturatorius, before 
reaching the obturator foramen, gave off a caudal branch which passed 
under the Ramus acetabularis of the ischium to end in twigs under the 
insertion of the Mm, gemelli. 
The A. profunda femoris, at the level of the insertion of the M. ob-
turator externus, usually divided into four branches which were disposed 
of as lateral, medial, caudoproximal, and distal. The latter, namely, 
the A, circumflexa femoris medialis (Figs. 3, 4) was considered to be the 
continuation of the parent vessel (Bickhardt 1961). 
The branch which is disposed of caudoproximally (Figs. Z, 3) ran im-
mediately towards the tuber ischiadicum. After giving off branches to 
the surrounding structures, the artery terminated in twigs supplying the 
origin of the caudal muscles of the hip and thigh regions. In the male, 
one of the branches was also distributed to the M. ischiocavernosus, and 
anastomosed with the corresponding vessels arising from the A, pudenda 
inte rna. 
The Truncus pudendoepigastricus, averaging 2. 6 mm in peripheral 
diameter, arose almost with the A, cremasterica (A, spermatica externa) 
from the ventral wall of the A, profunda femoris medial to the caudal 
head of the M. sartorius. It ran ventrally and divided immediately into 
two branches, the A, epigastrica caudalis and the A, pudenda externa 
(Figs. Z, 3). The former supplied the caudal portion of the M, rectus 
abdominis while the latter entered the inguinal canal. 
The A, epigastrica  caudalis (profundus), averaging 1. 6 mm in peri-
pheral diameter, arose medial, cranial or caudal to the A, pudenda 
externa (Figs. 2, 3). It passed cranially and was covered by the dorsal 
leaf of the sheath of the M, rectus abdominis. The artery ran along the 
dorsal face of the muscle to anastomose with the A, epigastrica cranialis. 
On its course two main vessels departed from it, one of them coursing 
laterally to anastomose with branches of the mA, phrenoabdominalis and 
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the A, circumflexa ilium profunda, and the other vessel running medially 
to the linea alba and giving off ventral branches which anastomosed with 
the branches of the A, pudenda externa. 
The _A, pudenda externa (Figs. 2, 3), averaging 2. 4 mm in peripheral 
diameter, was considered as the direct continuation of the pudendo-
epigastric trunk, however, many variations are possible (Figs. 5, 6). It 
extended ventrally to the inguinal canal, accompanied by its satellite 
veins. It ran along the canal, medial to the spermatic cord, to emerge 
at the medial commis sure of the superficial (external) inguinal ring. 
After crossing the spermatic cord medially, it turned forward to end 
under the Lnn, inguinales superficiales (Lnn.supramammarii in the fe-
male) covered by the subcutaneous fatty tissue, and terminated in either 
three or four branches. In the case of four branches, three were di-
rected cranially and the other caudally. If three branches existed, two 
of them were directed cranially and the other caudally. 
In the female, the lateral cranial branch (Rami mammarii) (Figs. 1, 3) 
arose from the parent vessel at the level of the dorsal border. of the 
above-mentioned lymph nodes. After supplying them, the vessel passed 
craniolaterally toward the lateral side of the last abdominal mammary 
gland and gave off branches medially to the fatty tissue, inguinal mam-
mary gland, and skin. Laterally, it furnished branches to the subcutane-
ous tissue of the medial side of the thigh and anastomosed with branches 
of the A, circumflexa ilium profunda, 
The middle cranial branch (Rami mammarii) (Figs. 1, 3) arose from 
the A, pudenda externa, or from the medial cranial branch shortly after 
the origin of the latter. It passed deep to the fatty tissue, at first, on 
the lateral side of the last inguinal mammary gland. Later it coursed on 
the medial side of the second pair of inguinal mammary glands, and end-
ed in a cluster of branches near the last pair of abdominal mammary 
glands, Perforating branches to the ventral abdominal wall supplied the 
abdominal muscles and ended by anastomosing with the A, epigastrica 
caudalis within the M. rectus abdominis. 
The medial cranial branch (Rami mammarii) (Figs. 1, 3) passed ap-
proximately parallel to the linea alba, supplied the subcutaneous fatty 
tissue, the abdominal muscles in the inguinal area, and the skin, The 
caudal branch (Figs. 1, 3) from its origin, described a bend caudad and 
continued through the fatty tissue of the inguinal area to the interfemoral 
space, where it divided at an angle of 45° into two branches, superficial 
and deep. The superficial branch (Figs, 1, 3) coursed caudally, parallel 
to the interfemoral space on the medial aspect of the dorsomedial side 
of the thigh. It gave off branches to the subcutaneous fatty tissue and 
the skin of the medial side of the thigh, and anastomosed with twigs of 
the A, femoralis destined for the M, gracilis, The deep branch (Figs. 1, 
3) coursed deep in the interfemoral space to the perineal region and ended, 
after forming anastomoses with the terminal branches of the A, pudenda 
int a rna , 
The A, pudenda externa of the male resembled that of the female. 
The medial cranial branch was considered as the preputial branch (Figs. 
2, 5). The right and left vessels varied in size; in 3 out of 5 specimens 
the right vessels were better developed than their counterparts; in the 
other two specimens, the left vessels were larger. The medial cranial 
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branch of the right and left sides coursed parallel to the sheath of the 
penis, dorsal to the M. preputialis caudalis (M. retractor preputii), 
Near the origin of the preputial muscle the vessels of one side or the 
other were poorly developed. The counterpart of the poorly developed 
side approached the dorsal edge of the median septum of the preputial 
diverticulum piercing it and coursing cranially to divide at an acute angle 
into two terminal branches. During this course the artery gave off 
lateral and medial branches which supplied the fatty tissue, the sheath 
of the penis, the skin, the M. preputialis caudalis (M. retractor preputii) 
and the dorsal wall of the diverticulum. Those which correspond to the 
lateral branches anastomosed with branches of the A, thoracica interna. 
Each of the terminal branches, after a short course, gave off slender 
vessels directed cranially and ventrally. The former anastomosed with 
the A, epigastrica cranialis within the M, preputialis cranialis (M, pro-
tractor preputii), and those which ran ventrally, with its fellow of the 
opposite side, formed a semicircle ventral to the preputial orifice (Fig. 2). 
After giving off the above vessels, the main artery made a caudal bend 
and coursed along the cranial third of the preputial sheath (Fig. 2) where 
it finally ramified and anastomosed with the terminal branches of the A. 
dorsalis penis. This branch may be considered as the recurrent artery 
of the sheath of the penis of the bovine (Ashdown 1958). 
The caudal branch (Figs. Z, 4, 5) extended caudally in the fatty tissue 
of the inguinal region and divided, as in the female, into two branches, 
superficial and deep. The superficial branch (Fig. 4) ran caudally, in a 
slightly ventral direction, toward the fatty tissue of the scrotal fold. At 
this point it ended in small branches which supplied the medial aspect of 
the thigh, the skin and the scrotum. The deep branch passed medial to 
the spermatic cord to the septum scroti (Fig. 4), where it coursed caud-
ally, giving off dorsal branches to the layers of the scrotum and septum 
scroti. One of the dorsal branches anastomosed with the A, pudenda 
interna (Figs, 2, 4), The caudal branch terminated in two branches, one 
of which continued ventrally and ended in a cluster of branches on the 
medial side of the scrotum and the other which continued dorsally and 
terminated by furnishing the lateral side of the scrotum. 
The A, cremasterica (A, spermatica externa) (Figs. 2, 3) averaging 
1. 2 mm in the male and 0. 9 mm in the female in peripheral diameter, 
supplied the M. cremaster externus in both the male and female. It was 
a slender vessel which either arose from the A, profunda femoris in 
front of, near to, or separately from the origin of the pudendoepigastric 
trunk (Fig, 6), or caudal to it (Type I), from the cranial or medial wall 
of the trunk (Type II); from the A, circumflex ilium profunda (Type III); 
or from the A, pudenda externa (Type IV). It ran cranioventrally to 
reach the origin of the M. cremaster externus and pierced it. In the 
female, it continued along the above mentioned muscle to end inside the 
interfemoral space, after giving off twigs in the fasciae and tissues 
which form the vaginal process. In the male, it continued to the inser-
tion of the M, cremaster externus where it divided into a cluster of ves-
sels supplying the tunica vaginalis, Collateral branches, supplying the 
muscle and fascia were released along its course, 
The A, testicularis (A, spermatica interna) arose from the abdominal 
aorta before the origin of the A, mesenterica caudalis (Fig. 2) at the level 
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ventral to the fifth lumbar vertebra, 1. 4 to 2. 5 cm from the bifurcation 
of the aorta. The left A, testicularis arose from the ventrolateral wall 
of the parent vessel, whereas the right artery was given off from the 
ventral wall more forward than its fellow of the opposite side. The 
average of the peripheral diameter of the left was 1 . 9 n1nz and that of 
the right was 1. 7 mm. The vessel supplied the testicles and the middle 
and cranial thirds of the body and head of the epididymis. It coursed in 
a caudolateral direction and crossed the deep face of the ureter, giving 
off a slender branch to the Ramus uretericus (Fig. 2). It then passed to 
the lateral side of the glandula vesicularis, being embedded within a 
fold of the peritoneum. It continued its course ventrally and joined the 
ductus defer ens and the A, ductus deferentis inside the inguinal canal. 
As one component of the spermatic cord, it continued caudally through 
the inguinal canal to give off slender anastomotic branches to the A. 
ductus deferentis. On reaching the middle third of the canal, it became 
very tortuous, thus forming an arterial cone with the base lying on the 
cranial surface of the testicle, medial to the epididymis. The arterial 
cone was interlaced by an extensive venous plexus, the Pampiniform 
plexus (Fig. 2). Slender branches were given off from the dorsal and 
lateral aspects of the arterial cone which were disposed of in a series. 
One of them, following awave-like course, joined the branches of the 
A, ductus deferentis. The other one, the =~~A, accessoria testicularis 
(Magilton and Getty 1969), was directed to the medial wall of the epididy-
mis, passed between the medial face of it and the testicle, and terminated, 
supplying the lateral face of the head of the epididymis. From the base 
of the arterial cone the A, testicularis (spermatica interna) passed under 
the body of the epididymis. It then made a bend ventrally and pierced 
the tunica albuginea in a tortuous course, at which point it became the 
Rr, testiculares (Fig. 2). The Rr, testiculares coursed, embedded in 
the albuginea and gave off coiled ramifications which ran on the free 
border of the testicle and the lateral and medial faces of it. 
Latex casts showed that the A, testicularis gave off collateral branches 
directed to the testicle. These branches arose from the parent vessel 
near the base of the arterial cone. 
The ~~~Rr, radiatae testes arose from the Rr, testiculares and ran to 
the mediastinum testis. This branch arose at right angles and immedi-
ately became spiral. This portion, in agreement with Hofmann (1960) 
and Magilton and Getty (1969), may be considered the Aa, centripedales 
of the Rr, radiatae testes. Then the Rr, radiatae testes continued in a 
straight course to reach the mediastinum, where they anastomosed with 
adjacent vessels forming arcs on the mediastinum. Many branches were 
released from the arcs. Some of the branches coursed toward the peri-
phery of the testicle. These branches may be considered the Aa, centri-
fugales of the Rr, radiatae testes. 
The A, ovarica (A, utero-ovarica) (Fig. 3), in the female averaging 
1.8 mm in peripheral diameter and corresponding to the A, testicularis 
of the male, supplied the ovary, ovarian bursa and uterine tube. The 
origins of the left and right vessels resembled those of the A, testicu-
laris in the male. Each passed ventrally and slightly cranially to reach 
the mesometrium, embedded in the cranial border of same. The artery 
pursued a flexuous course, passing medial to the ureter to which a slender 
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branch, the Ramus uretericus, was given off (Fig. 3). The latter soon 
divided into two branches which ran cranially and caudally along the 
ureter. In one specimen it was observed that one branch, the Ramus 
uretericus, arose from the A, mesenterica caudalis and the other branch 
arose from the aorta. 
The A, ovarica continued ventrally and usually divided into a cluster 
of branches. One of them, the =~=Ramus ovaricus (Fig. 3), coursed 
cranioventrally, became increasingly tortuous, and pierced the dorsal 
border of the ovary where it divided in branches (Fig. 7) (spiral arteries). 
The caudal branches, which coursed caudoventrally, after their origin, 
split into other branches and anastomosed by means of coiled vessels, 
thereby forming a complicated arterial meshwork (Fig. 7). Macerated 
specimens showed that two types of arteries arose from this arterial 
meshwork. One was well developed and ran toward the ovary, along 
with the Ramus ovaricus to penetrate the vascular zone where it divided 
as the spiral arteries of the ovary from which numerous slender vessels 
were given off. They coursed in a tortuous manner to the cortical zone 
forming a wreath around the follicles. The other arteries from the ar-
terial meshwork were poorly developed but numerous and followed two 
routes. Several of them coursed ventrolaterally in the mesosalpinx and 
were directed cranially and caudally to the bursa ovarica, fimbria and 
cranial and middle thirds of the uterine tube. The remaining ran ventro-
caudally and anastomosed with the cranial branches of the A, uterina 
(mediana) forming an arterial plexus along the middle and cranial thirds 
of the uterine tube (Fig. 8). From this anastomotic plexus, slender ves-
sels were given off which supplied the distal third of the uterine tube. 
The caudal, terminal branches of the A, ovarica can be considered 
the Rami tuberii, depending upon the area supplied and the disposition of 
the vessel. 
The _A, iliaca interna (Fig. 3) arose as one terminal branch of the ab-
dominal aorta, 1 to 1. 5 cm after the origin of the A, iliaca externa, at 
the level of the last lumbar vertebra. Each passed caudodorsally in the 
fatty tissue under the wing of the sacrum to reach the greater ischiatic 
notch. At this point it left the pelvic cavity and coursed on the super-
ficial face of the wide pelvic ligament. Here it described a caudodistal 
arch, being covered by the Mm, glutei, M, biceps femoris and M, semi-
tendinosus. 
The A, iliaca interna supplied the genital tract and the structures re-
lated to it by means of its collateral branches, which came off its ventral 
wall and are known as the visceral branches of the A, iliaca interna, and 
also by its terminal branches, the A, pudenda interna. The visceral 
branches are as follows: 
The _A, umbilicalis (Figs. Z, 3), averaging 3. 3 mm in the female and 
2. 7 in the male in peripheral diameter, was given off from the ventral 
wall of the A, iliaca interna, 3 mm to 1. 7 cm from the origin of the 
latter. In both the male and female, the vessel passed, embedded in the 
peritoneum, along the lateral wall of the pelvic inlet. It then coursed 
laterally to the ureter and turned somewhat cranially to reach the cranial 
edge of the lateral ligament of the urinary bladder. After giving off the 
A, vesicali"s cranialis to the urinary bladder (Fig. 2) it became the liga-
ment teres (or round ligament) of the bladder. The A, umbilicalis in the 
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male gave off the A, ductus deferentis (Fig. 2) which corresponds to the 
A, uterina (mediana) in the female (Fig. 3). 
The A, ductus deferentis, averaging 1. 3 mm in its outside diameter, 
arose either from the medial or caudal wall of the parent vessel. It left 
the A, umbilicalis 4 mm to 1 cm after the origin of the latter, and de-
scended in a ventrocraniolateral direction lateral to the Glandula vesicu-
laris. It then turned caudally giving off a slender branch, the Ramus 
uretericus (Fig. 2), which coursed to the ureter, after which the main 
vessel continued laterally and approached the entrance of the inguinal 
canal. Being a component of the spermatic cord, it descended in the 
inguinal canal dorsal to the ductus deferens. On reaching the middle 
third of the inguinal canal, it divided successively into branches which 
were surrounded by the visceral layer of the vaginal process. They 
pursued a flexuous course along the ductus deferens toward the epididy-
mis and, after passing between the medial face of it and the testicle., 
reached the tail of the epididymis and pierced it, giving off branches 
which supplied this region. During this course, the A, ductus deferentis 
exchanged anastomotic branches with the A, testicularis (spermatica 
interna) and entered in the formation of the ~A, accessoria testicularis. 
The A, uterina (mediana) (Figs. 3, 7, 8), averaging 2 mm in peripheral 
diameter, in the female, corresponds to the A, ductus deferentis of the 
male and had the same origin. The A, uterina (mediana) was the prin-
cipal artery to the uterine horns, the caud~.l third of the uterine tube, 
and the body and cervix of the uterus. It left the A, umbilicalis" 1. 5 to 
2. 5 cm from the origin of the latter, It had a tortuous cranioventral 
course in the medial side of the broad ligament and traversed the deep 
face of the ureter, thereby giving off the Ramus uretericus to the latter. 
It then approached the middle part of the cranial third of the broad liga-
ment and usually divided into two main branches (Fig. 3), one directed 
slightly cranially to the cranial part of the ligament, and the other to-
ward the middle and caudal thirds of same. These branches divided 
as soon as possible into primary branches (Figs. 3, 8), which ran in a 
flexuous course toward the small curvature of the uterine horn. In two 
uteri of young females the course of these arteries was straight, Com-
municating branches between them and slender collateral branches sup-
plying the broad ligament were usually observed (Fig, 3), 
As soon as the primary branches reached the lesser curvature of the 
uterine horn, each divided into two secondary branches (Fig. 3) which 
anastomosed with the adjacent ones to form a series of arcades, similar 
to those of the A, jejunales, The most cranial branch anastomosed with 
the Rami tubarii of the A, ovarica (Fig. 3) and the most caudal with the 
Rami uterinus (caudalis) (A, uterina caudalis) of the ~A, urogenitalis 
(Figs. 3, 8, 9). From these arcades, Ramuli uterini were given off 
(Lange 1959) (Fig. 3). These entered the wall of the uterine horn in a 
tortuous course in sows and in a straight course in gilts, 
The ~A,  urogenitalis (A, vaginalis or A, prostatica), averaging Z. 3 
mm in the female and Z, 7 mm in the male in peripheral diameter, arose 
from the ventral wall of the A, iliaca interna just opposite the origin of 
the A, glutea cranialis, 1. 0 to 1. 4 cm before the parent vessel left the 
pelvic cavity (Figs. Z, 3, 8), It divided into two main branches—cranial 
and caudal. 
In the female the A, urogenitalis supplied the cervix and the body of 
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the uterus, the neck of the urinary bladder, the urethra, the distal end 
of the ureter, the vagina and the fatty tissue which surrounds the lateral 
and ventral wall of the pelvic cavity. It passed in a caudoventral direc-
tion toward the dorsal border of the cranial third of the vagina in the 
caudal border of the broad ligament of the uterus. It furnished a cranial 
branch which ran cranioventrally to supply the broad ligament and im-
mediately split into a cluster of vessels. The following arteries were 
furnished by the cranial branch: 
a. The Rami uterini (Lange 1959) (Figs. 3, 9) continued craniolaterally 
on the lateral wall of the cervix and pierced it and the body of the uterus. 
One of these rami, the Ramus uterinus (caudalis) (A, uterina caudalis)
(Rami cervicouterini, Lange 1959) was seen to course along the ventral 
face of the uterus to anastomose with the last caudal branch of the A. 
uterina (mediana) (Figs. 3, 9). 
b. The _A, vesicalis caudalis (Fig. 3) coursed in a cranioventral direc-
tion toward the neck of the urinary bladder and anastomosed with the A. 
vesicalis cranialis. It was noted that a slender vessel, the Ramus ure-
tericus, after departing from the lateral side of the parent vessel, ex-
tended to the ureter to anastomose with the Ramus uretericus of the A. 
uterina (mediana) (Fig. 3). The A, vesicalis caudalis also furnished a 
slender branch to the urethra and anastomosed with the Ramus urethralis 
(Lange 1959) and the A, urethralis of the A, pudenda interna. From this 
anastomosis a delicate vessel passed to the fatty tissue of the pelvic 
cavity and anastomosed with a branch of the Ramus obturatorius of the 
A, profunda femoris. 
c. The Ramus urethralis (Lange 1959) (Fig. 3) ran caudoventrally and 
laterally to the vagina toward the urethra. It supplied the cranial and 
middle thirds of the female urethra and anastomosed with the A, ure-
thralis which was derived from the A, pudenda interna and A, vesicalis 
caudalis. 
d. The Rami  vaginales (Fig. 3) ran caudally on the lateral wall of the 
vagina and supplied the cranial and middle thirds of the vagina. They 
anastomosed with vaginal branches given off by the caudal branch of the 
parent vessel. 
The caudal branch (Figs. 3, 8, 9) (A, perinealis of Preuss 1959, and 
Lange 1959) appeared to be the continuation of the *A, urogenitalis. The 
outside diameter of this artery was 2. 2 mm while that of the cranial 
branch was 1. 8 mm. The peripheral diameters of the left and right 
arteries were also variable, even in the same animal. In three of the 
five specimens studied, the left artery was larger than its fellow of the 
opposite side and was extended to the perineum. In the remaining two 
specimens the right vessel assumed the previously referred to disposi-
tion. It coursed along the dorsal border of the vagina and vestibule of 
the vulva. It then inclined medially and continued to the rectum and vulva, 
medial to the M, constrictor vestibuli to reach the M, constrictor vulvae, 
where it divided and formed an arterial circle. It supplied the ventral 
third of the Mm, sphincter ani internus and externus, respectively, as 
well as the fatty tissues and skin of the perineal region. Throughout its 
course, it gave off twigs which supplied the middle and caudal thirds of 
the vagina. About 1. 5 cm from its origin, it gave off a collateral branch 
which ran caudoventrally and anastomosed with the A, pudenda interna. 
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In the male, the ==A, urogenitalis ended laterally to the apex of the 
glandula vesicularis as two branches, the cranial and caudal branches, 
like those of its counterpart in the female. The former (Figs. 2, 4) pro-
ceeded cranioventrally toward the base of the glandula vesicularis in 
which it ramified. It passed on the lateral face of the gland and gave off, 
in succession, the following main vessels: 
a. The =Ramus prostaticus was large and arose in common with the 
A, vesicalis caudalis from the ventral wall of the parent vessel (Figs. 2, 
4). It passed ventrally to the dorsal face of the prostate gland where it 
divided into two branches. One of them coursed cranioventrally to anas-
tomose with the collateral branch to the glandula vesicularis forming an 
arterial arch to the prostate gland (Fig. 4). The other ran slightly dorso-
caudally and anastomosed in an arcade with the branches directed to the 
prostate gland by the caudal branch of the ~A, urogenitalis (Fig. 4). From 
those arches, branches passed to the gland and also to the urethra and 
contributed to form a network with the urethral branches coming from 
the A, vesicalis caudalis and those of the caudal branch of the A, uro-
genitalis (Fig. 4). This arterial network, lying on the dorsolateral and 
ventral faces of the urethra, anastomosed with its fellow of the opposite 
side 
b. The A, vesicalis caudalis (Figs. 2, 4) coursed ventrally to the neck 
of the urinary bladder. It gave off anastomotic branches to the arterial 
network of the urethra. 
c. The Ramus uretericus was a slender branch directed to the medial 
face of the distal end of the ureter (Figs. 2, 4). 
d. The branch to the glandula vesicularis was larger and arose from 
the ventral wall of the parent vessel (Figs. 2, 4). It described a flexuous 
course and pierced the capsular tissue of the gland. It gave off collateral 
branches which were directed to the prostate gland and anastomosed with 
the Ramus prostaticus. 
e. The deferential branch (R, ductus deferentis) arose at the level of 
the base of the glandula vesicularis (Fig. 2). It passed tortuously on the 
medial face of the ductus deferens. It supplied the cranial third of the 
ductus deferens and usually anastomosed with the A, ductus deferentis. 
The caudal branch of the =~~A, urogenitalis (Figs. 2, 4) may be regarded 
as the direct continuation of the parent vessel. Like its counterpart in 
the female it showed variations in diameter with that of the cranial 
branch. It averaged 2. 5 mm, while the cranial branch measured 2 mm 
in its outside diameter. Variations in size between the left and right 
arteries in the same animal have also been noted. In four out of five 
specimens, the left artery was better developed than its fellow of the 
opposite side. In these specimens the left artery was a unilateral branch 
which assumed the blood supply of the medial face of the bulbourethral 
glands (Getty 1964). The right artery was limited to supplying the cor-
responding M, retractor penis and the lateral face of the gland. The 
right vessel assumed the disposition of the above-mentioned left vessel 
in the other specimens. 
The caudal branch coursed backwards to pierce the fatty tissue which 
separated the bulbourethral glands. In this short course it gave off two 
collateral branches (Figs. Z, 4) which were directed cranioventrally and 
anastomosed with each other and with the Ramus prostaticus of the cranial 
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branch, forming an arterial arch related to the prostate and the cranial 
thirds of the urethra. From this arch arterial vessels passed to the 
prostate gland and to the urethra. Those to the latter contributed to 
form the arterial network of the urethra. Some of these vessels passed 
to the retroperitoneal tissue which surrounds the entrance of the pelvic 
inlet. It was seen that one of these vessels anastomosed with the cranial 
branch of the Ramus obturatorius of the A, profunda femoria, 
Just before it pierced the fatty tissue between the bulbourethral glands 
it gave off an anastomotic branch to the A, pudenda interna (Figs. 2, 4). 
It coursed caudally between the ventral border of the gland and the ure-
thra. Throughout its course it gave off dorsal, ventral and medial 
branches. The dorsal branches supplied the dorsal surface of the gland 
(Fig. Z), The ventral branches pierced the lateral wall of the middle and 
caudal thirds of the urethra (Fig. 4). The medial branches supplied the 
ventrolateral surface of the gland (Fig. 4). 
Between the two glands, embedded in the fatty tissue, the artery con-
tinued caudally to terminate by dividing in two branches which anasto-
mosed with the A, pudenda interna (Fig. 4). Throughout this course it 
gave off a collateral branch to the M, retractor penis and branches to the 
medial wall of the bulbourethral gland (Fig. 4). 
The A, pudenda interna (Figs. 2, 3, 4, 8), averaging 1, 9 mm in the 
female and Z. 5 mm in the male in its peripheral diameter, arose as the 
terminal branch of the A, iliaca interna at the level of the lesser ischiatic 
notch or cranial to it. From its origin it ran toward the pelvic cavity. 
It coursed caudoventrally toward the ischial arch. 
In the female it pursued the retroperitoneal tissue on the lateral wall 
of the rectum and vagina. Along its course it gave off the following col-
lateral branches: 
a. The Rami musculares to the M. obturator internus. 
b. The A, urethralis (Fig. 3) arose from the parent vessel, either in-
dependently or by a common trunk with the A, bulbi vestibuli. It arose, 
in two specimens, by means of a common unilateral (left side) trunk. 
The A, urethralis coursed cranially toward the lateral wall of the urethra. 
It ended by means of twigs which anastomosed with those of its opposite 
side, thereby forming an arterial plexus on the lateral wall of the caudal 
third of the urethra, It was observed that a branch, after arising from 
the A, urethralis, anastomosed with the A, urogenitalis , 
c. The A, bulbi vestibuli (Fig. 3) at first ran caudally on the lateral 
wall of the vagina, and then toward the vestibular bulb. 
d. The Rami vestibulares (Fig. 3) arose immediately after the origin 
of the preceding vessel. The A, pudenda interna gave off a common trunk 
for the origin of the Rami vestibulares. These branches were directed 
caudally and toward the M. constrictor vestibuli. Some of them anasto-
mosed with the Rami vestibulares which were given off by the caudal 
branch of the urogenital artery. In three specimens the common branch 
gave off the A, profunda clitoridis, This variation was encountered in 
one specimen on the right side and in the other two on the left. 
e. The A, profunda clitoridis (Fig. 3) arose from the caudal branch of 
the parent vessel or from the common trunk (Fig. 3) of origin for the 
Rami vestibulares. It ran ventrally and slightly cranial toward the crura 
of the clitoris. 
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f. The A, clitoridis can be considered a collateral branch from 
the extrapelvic origin of the A, pudenda interna (Fig. 3). It arose from 
the parent vessel in the region of the fatty tissue whi ch surrounds, ven-
trally, the ischial arch. It coursed caudally on the lateral wall of the 
body of the clitoris and pierced it. In two specimens the A, clitoridis 
of each side arose from a common trunk from the left A. pudenda interna. 
The A. pudenda interna ended by anastomosing with the A. pudenda 
externa. Variations related to the termination of the former vessel were 
observed. In two of the three cases, the right A, pudenda interna formed 
an anastomosis with its counterpart just after leaving the pelvic cavity. 
In this case, the left vessel, after giving off a common trunk to the A, 
clitoridis, divided into two branches which diverged to anastomose with 
the branches coming from the A. pudenda externa. 
The A. pudenda interna in the male (Figs. Z, 4) supplied, mainly, the 
penis and the structures related to it. It continued ventrally toward the 
ischial arch, passing between the bulbourethral gland and the deep face 
of the M, obturator internus. It was embedded in the fatty tissue of the 
ischiorectal fossa and was related cranially to the vein and nerve (N. 
pudendus). In the specimens in which the V, pudenda interna was double, 
one vessel was cranial to the artery. In its course, the artery gave off 
a slender ramifying vessel to the M. obturator internus and bulbourethral 
gland. In two of the five specimens, the A, pudenda interna gave off the 
A, rectalis (haemorrhoidalis) caudalis. The latter was seen to arise 
from the caudal wall of the vessel 1. 0 to 1. 3 cm from the origin of the 
parent vessel. The A, pudenda interna, just dorsal to the ischial arch, 
furnished two main vessels which arose from its cranial and caudal walls. 
The former proceeded to anastomose with the ^ A, urogenitalis along the 
ventral border of the bulbourethral gland. Variations in its origin have 
been noted. In one of the five specimens, this branch came from the 
medial wall of the A, pudenda interna and divided into branches. They 
anastomosed with the ~=A, urogenitalis on the ventral border and behind 
the caudal end of the bulbourethral gland. In two specimens this vessel 
came from the branch which arose from the caudal wall of the A, pudenda 
interna (Fig. 4), The latter branch of the parent vessel was relatively 
larger than the preceding vessel, ran caudally and divided immediately 
into a cluster of branches medial to the origin of the M, ischiocavernosus. 
The branches were: 
a. The Aa, bulbi penis (urethrae) (Fig. Z) pierced the urethral bulb 
after a short course. It supplied the ipsolateral side of the erectile tis-
sue which forms the bulb and the cavernous bodies of the urethra. 
b. The Aa, profundi penis (Fig. 2) ran caudally and pierced the albu-
ginea of the crus penis on its medial side. They supplied the corpus 
cavernosus of the penis. In one specimen one of them received a termi-
nal branch of the A, glutea caudalis. 
c. The Rami musculares (Fig. z) ran toward the lateral face of the M. 
bulbospongiosus (bulbocavernosus) and deep face of the M. ischiocaver-
nosus. The Rami perinei (Fig. 4) arose dorsal to the origin of the Aa. 
bulbi penis. They ran dorsocaudally and passed to the perineal region 
between the M. rectractor penis and the M. sphincter ani externus sup-
plying the M. ischiourethralis (Fig. 4). At the level of the caudal third 
of the bulbourethral gland, communicating branches to the ~tiA, urogeni-
talis were given off. 
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The A, pudenda interna, as it continued on the medial face of the 1VI. 
ischiocavernosus, gave off branches directed to the fascia of the scrotum, 
Rami scrotales caudales. The A, pudenda interna (Fig. Z) anastomosed 
with the caudal branch of the A, pudenda externa. The main vessel then 
terminated as the A, dorsalis penis (Fig. 4) in one of the following ways: 
a. In two of the five specimens, the right and left A, pudenda interna 
coursed on the lateral face on the proximal end of the penis. Approach-
ing the dorsal face of the first bend of the sigmoid flexure they anasto-
mosed and then continued as a single vessel, the A, dorsalis penis. 
b. In one of the five specimens, the right A, pudenda interna became 
the A, dorsalis penis. Its left counterpart reached the M, ischiocaver-
nosus and pierced the albuginea of the corresponding cavernous body of 
the penis. 
c. In two of the five specimens the left A, pudenda interna continued 
as the A, dorsalis penis, while its counterpart showed the same disposi-
tion that the left A, pudenda interna showed in the above-mentioned way. 
In one of the two latter specimens the right A, pudenda interna furnished 
the anastomotic branches to the A, pudenda externa. 
The A, dorsalis penis followed the mid-dorsal surface of the penis. 
After passing the second bend of the sigmoid flexure, it divided into right 
and left branches (Fig. 4). The left branch was more developed than its 
fellow of the opposite side. Each gave off a slender vessel to the M. re-
tractor penis ,Fig. 4) and passed diagonally to the ventral surface of the 
penis. It then coursed ventrolaterally distal to the fornix of the prepuce 
where it divided into preputial, superficial and deep branches. The pre-
putial branch (Fig. 4) pierced the preputial sheath and ran flexuously for-
ward to end in twigs. Some of them anastomosed with the recurrent 
artery of the sheath of the penis, the A, pudenda externa. The super-
ficial branch (Fig. 4) followed dorsolaterally distal to the twisted part of 
the penis. It coursed between the internal (visceral) sheath of the pre-
puce and the albuginea of the penis. The third or deep branch pierced 
the albuginea to reach the corpus cavernosus penis (Fig.4). 
The A, rectalis (haemorrhoidalis) caudalis (Figs. 2, 3), averaging 1. 5 
mm in peripheral diameter, arose either from the A, gluten caudalis, 
1 to 1. 5 cm from the origin of the latter, or as a collateral branch of the 
A, pudenda interna. In the female, it ran ventrocaudally, passing be-
tween the rectum and Mm.. obturator internus and coccygeus, which it 
furnished by means of collateral twigs. After approaching the ventral 
border of the rectum, the vessel divided into a cluster of branches which 
were directed to supply the M, constrictor vulvae, M, vestibuli, M. 
sphincter ani externus and M. sphincter ani internus. • Some of these 
branches passed to the perineum. 
In the male it supplied the bulbourethral gland (Fig. Z), the M. bulbo-
spongiosus, the M. coccygeus (Fig. Z), and the perineum (Fig. Z) (A. 
perinei). According to the N. A. V. (1968) the caudal rectal artery can 
be a branch of the ventral perineal or the caudal gluteal arteries. 
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DISCUSSION 
The findings of the present study agree with Kahler (1960) in that the 
A, thoracica interna arose from the A, subclavia medial to the first rib 
and gave off the Rami inter co stales laterally and the Rami sternales 
medially. However, the termination of the A, thoracica interna was ex-
tremely variable—at the level of the 4th intercostal space, at the 5th rib, 
at the 5th intercostal space or close to the attachment of the diaphragm 
or as the parent vessel left the thoracic cavity. 
It was observed that the Rami intercostales of the A, thoracica in-
terna anastomosed with the ventral branches (Rami ventrales) of the Aa. 
intercostales. Those which corresponded to the 4th and 5th Rami inter-
costales supplied the craniolateral aspect of the first thoracic mammary 
complex, while the caudomedial side of the same pair was supplied di-
rectly by the A, thoracica interna through its Rami sternales. Kahler 
(1960) found the same disposition, however, he reported, in agreement 
with Montane and Bourdelle (1920), that the A, thoracica externa con-
tributed to the first mammary complex as well. 
The arterial contribution of the A, thoracica externa to the first 
mammary gland is a matter of controversy (Sisson and Grossman 1953; 
St. Clair 1958). In this study it was not possible to trace, definitively, 
the branches of the A, thoracica externa to the first mammary gland. 
This vessel, in the specimens studied was present and terminated after 
forming a cluster of finer branches which extended to the middle third 
of the pectoral muscles. 
There is no discrepancy as to the disposition of the A, epigastrica 
cranialis and its collateral lateral and medial branches. Kahler (1960) 
stated that the A, epigastrica cranialis terminated after anastomosing 
with the A, epigastrica caudalis. He also mentioned that the lateral 
branches anastomosed with the ventral branches of the Aa, intercostales 
as well as with the A, phrenica caudalis (cranial branch of the A, phreno-
abdominalis). In the present study anastomoses were observed: a) be-
tween the terminal branches of the A, epigastrica cranialis and those 
which correspond to the A, epigastrica caudalis, caudal to the umbilicus; 
b) between the lateral branches and the ventral branches of the Aa, inter-
costales in the cranial third of the hypochondriac region; c) between the 
lateral branches and the twigs of the A, phrenica caudalis (cranial branch 
of the A, phrenoabdominalis) in the ventral aspect of the hypochondriac 
region; d) between the A, epigastrica cranialis and the A, circumflexa 
ilium profunda in the ventral aspect of the flank; and, e) between the 
medial branches and the lateral cranial and middle cranial branches of 
the A, pudenda externa. 
According to Kahler (19 60) the blood supply of the abdominal complex 
of mammary glands is accomplished by means of the medial branches of 
the A, epigastrica cranialis and the cranial branches of the A, pudenda 
externa (lateral cranial, middle cranial and medial cranial branches). 
He stated that the first two pairs of abdominal mammary glands were 
supplied exclusively by the medial branch of the A, epigastrica cranialis, 
while the last pair was supplied by the cranial branch of the A, pudenda 
externa. The contribution of the A, epigastrica cranialis to the prepuce 
has not been reported. In all cases the arterial pattern concerning the 
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abdominal mammary glands agreed with the descriptions of Kahler, but 
it should be emphasized that in the male the A, epigastrica cranialis, as 
cutaneous branches, supplied the lateral aspect of the prepuce. 
The A, profunda femoris contributed to the accessory genital organs 
by means of its branches, the A, cremasterica (spermatica externa) 
and the Truncus pudendoepigastricus. 
The Truncus pudendoepigastricus supplied the mammary gland (female) 
or the prepuce and scrotum (male) through one of its terminal branches, 
the A, pudenda externa. 
The A, pudenda externa (external pudic artery) has been described as 
a continuation of the pudendoepigastric trunk, or as a collateral branch 
of the A, profunda femoris when the former is absent (Ellenberger and 
Baum 1943; Martin 1923; and Getty 1955). Although the vascular pat-
terns of the genital tract were variable, in this study the variations re-
ported by Ellenberger and Baum were not found. In all cases, the A. 
pudenda externa and the A, epigastrica caudalis, arose as the terminal 
branch of the pudendoepigastric trunk. 
Individual variations in the origin of the A, pudenda externa and the 
A, cremasterica (spermatica externa) account for many of the minor 
discrepancies in the literature (Ellenberger and Baum 1943; Martin 1923; 
and Mannu 1930). In this study it was observed, with regard to the A. 
cremasterica that there were four patterns as far as the origin was con-
cerned. In all cases under investigation the A, cremasterica was seen 
to supply the M. cremaster externus in both the male and female. The 
latter account agrees with that of Bickhardt (1961). 
It was observed, in the female, that the A, pudenda externa ended in 
three cranial branches, and another branch directed caudally. In all 
cases the site of termination of the cranial branches of the A, pudenda 
externa was medial to the Lnn. inguinales superficiales, in agreement 
with Kahler (19 60) and Bickhardt (19 61) . They supplied the last abdomi-
nal and inguinal mammary complexes in the female. The caudal branch 
of the A, pudenda externa supplied the perineal region in the female and 
anastomosed with the A, pudenda interna (in agreement with Getty 1964; 
Kahler 19 60; and Bickhardt 19 61) . 
In the male, the arterial contribution of the A, pudenda externa, in 
supplying the prepuce, is a matter of controversy (Sisson and Grossman 
1953; Kahler 1960; Bickhardt 1961), however, in all cases dissected in 
this study, the medial cranial branch assumed the blood supply of the 
prepuce and preputial diverticulum, in agreement with Bickhardt, how-
ever, there are several features worth stressing. First the left and 
right vessels are of different sizes. In three specimens the right vessels 
were better developed than their counterparts, while in the other two 
specimens, the left vessels were larger. Secondly, both vessels were 
directed toward the preputial diverticulum. Near the origin of the M. 
retractor penis, the vessel, which was poorly developed, ended by means 
of twigs, whereas its counterpart continued forward, piercing the dorsal 
edge of the preputial diverticulum, to divide at an acute angle into two 
terminal vessels. Thirdly, each terminal vessel gave off two principal 
groups of slender branches, directed cranially and ventrally. The for-
mer anastomosed with the collateral branches of the A, epigastrica 
cranialis and the latter ran along the ventral wall of the prepuce and 
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anastomosed with the fellow of the opposite side forming a semicircle 
around the preputial orifice. Fourth, the main vessel, after giving off 
the above-mentioned arteries, described a bend and continued along the 
preputial sheath to ramify and finally anastomose with the terminal 
branches of the A, dorsalis penis. Since this disposition resembles that 
described by Ashdown (1958) in the bovine, this artery may be considered 
the recurrent artery of the sheath of the penis. The caudal branch anas-
tomosed with collateral branches of the A, pudenda interna in the perineal 
region to the scrotal septum (Getty 1964) and supplied the scrotum. 
The blood supply to the testicle and epididymis was accomplished by 
means of the A, testicularis (spermatica interna) and the A, ductus 
deferentis. In all cases the A, testicularis was found to be the arterial 
source to the testicle and the head and body of the epididymis, while the 
part corresponding to its tail was mainly supplied by the A, ductus defer-
entis and branches which arose from the anastomosis of the A, testicu-
laris and A, ductus deferentis (A, accessoria testicularis) inside the 
inguinal canal. 
The pattern of origin and disposition of the A, testicularis inside the 
abdominal cavity resembled that of the other domestic animals. The 
accounts that the A, testicularis in the male pig arose from the Aorta ab-
dominalis (Sieber 1903; Mannu 1930) and in swine resembled that of the 
horse (Chauveau 1889; Martin 1923; Ellenberger and Baum 1943; Sisson 
and Grossman 1953) were confirmed. The vessels arose from the ven-
tral wall of the parent vessel before the A, mesenterica caudalis. More-
over, there was clear evidence that in all cases the right vessels were 
more cranial than the left, which was also true in castrated animals, al-
though in noncastrates the left vessels were larger than the right ones. 
This variation in size may be in relationship to the weight of the testicle, 
since it has been reported that the weight of the testicles of nine animals 
was variable, in seven of nine specimens, the left ones were the larger 
(McKenzie e_t a_l. 1938). Likewise, it could be noted that the A, testicu-
laris usually gave off the Ramus uretericus to the ureter and coursed 
into the plica vasculosa (peritoneal fold) in the lateral side of the glandula 
vesicularis. 
The A, testicularis described a tortuous course in the inguinal canal 
forming an arterial cone (Montane and Bourdelle 1930; Beutler 1926; 
Harrison 1949). Slender branches were given off from the dorsolateral 
aspect of the arterial cone, and were seen to overlap the arterial cone 
and extend to the medial face and head of the epididymis, in agreement 
withBeutler (1926). It was noted that those which were placed dorsally 
to the arterial cone anastomosed with the terminal branches of the A. 
ductus deferentis to form the A, accessoria testicularis as in the goat 
(Hofmann 1960; Magilton and Getty 1969). 
The arterial supply of the parenchyma of the testicle in the pig has 
been described by Hill (1905). Although the findings of this study agree, 
in part, with the descriptions of Hill, the nomenclature used to describe 
them is that which Hofmann (1960) used to interpret the arterial pattern 
in the bull. The present study revealed that there were, undoubtedly, a 
radiate disposition of the vessels which arose from the Aa, testiculares, 
if the testicles are considered to be ovoid in outline. The term Aa, radi-
atae testes, therefore, is clear and logical, as are also those terms 
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"Aa, centripedales" and "Aa, centrifugales" (Hofmann 1960; Magilton 
and Getty 1969). Corrosion casts made from injected Aa, radiatae 
testes revealed various arrangements of the arterial loops in the medi-
astinum testis. Many of the forms described by Hill (1905) were found 
in this study, and, in addition, other types have been recorded by Nunez 
(1964). The Aa, radiatae testes anastomosed with their counterparts 
forming arcs and from these arcs Aa, centrifugales were given off. 
The A, ductus deferentis in the pig resembled that of the bovine 
(Chauveau 1889; Ellenberger and Baum 1943; Sisson and Grossman 1953; 
Dobberstein and Koch 1958). This study showed that the A, ductus 
deferentis followed a twisted course around the A, umbilicus. It gave 
off the Ramus uretericus and, after approaching the inguinal canal, di-
vided, first into two branches, and then successively into numerous 
branches. Some of the branches anastomosed with the branches of the 
A, testicularis to form the A, accessoria testicularis. In all cases the 
vessel extended to the tail of the epididymis and mainly supplied this 
part, in agreement with Sieber (1903), Tanudimadja (1963) and Tanudi-
madja, Getty and Ghoshal (1968) in the bull and ram, respectively. 
The A, ovarica (A, utero-ovarica) supplied the ovary, bursa ovarica, 
fimbria, and the cranial and middle thirds of the uterine tube. It anas-
tomosed with the A, uterina (mediana) through its terminal branches. 
In the present study it was found, in agreement with Lange (1959), that 
the A, ovarica gave off the Ramus uretericus (the A, ureterica of Sieber 
1903) directed to the ureter and finally divided in a cluster of branches. 
One, the A, ovarica (comparable to the Ramus ovaricus of Sieber 1903; 
Ellenberger and Baum 1943; Dobberstein and Koch 1958; and Mechaelov 
1963) coursed tortuously in a cranioventral direction to the hilus of the 
ovary. The other branches were considered the Rami tubarii (Ramus 
uterinus of Sieber 1903; Ellenberger and Baum 1943; Dobberstein and 
Koch 1958; and Mechaelov 1963; A, uterina cranialis of Sisson and 
Grossman 1953; A, tubouterina of Barone et al. 1962; or the Rami 
uterini of Lange 1959). 
The caudal branches had a complicated disposition. Corrosion casts 
of latex injected vessels revealed a complicated arterial meshwork (Fig. 
7 ), From this arterial meshwork several branches were directed to the 
ovary, bursa ovarica, the uterine tube and its parts (fimbria, infundi-
bulum,tubae uterinae). The findings of Nunez (1964) were in agreement 
with those reported by Oxenreider et al. (1965) in that the ovarian artery 
did not send a direct branch to the uterine horns. However, it supplied 
the tip of the uterine horn through its anastomoses with the cranial 
branches of the A, uterina (mediana). 
The distribution of the arteries of the ovary in the sow has been de-
scribed in detail by Andersen (1926), and Reynolds (1947) described the 
branches of the A, utero-ovarica as "spiral arteries" of the ovary in the 
rabbit. In this study the corkscrew-like vessel was found, and from this 
vessel other slender vessels were given off. The latter, after a tortuous 
course, split into many branches which formed an arterial wreath around 
the follicles. In this study it was only possible to distinguish the wreath 
which corresponds to the theca externa and not that corresponding to the 
theca interna (Andersen 1926). It is assumed that this latter wreath is 
composed mainly of arterioles and venules (Andersen 1926) and that the 
injection media failed to fill them. 
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In all cases the A, uterina (mediana) was the principal arterial supply 
to the uterus, The A, uterina (mediana) (A, uterina of Montane and 
Bourdelle 1920; Lange 1959; Preuss 1959; Barone e_t al. 1962) arose 
from the A, umbilicalis as a visceral branch of the A, iliaca interna. 
Sisson and Grossman (1953) and Barone et al. (1962) agree that the A. 
uterina mediana does not seem to arise in a common trunk with the A, 
umbilicalis from the A, iliaca interna, There was considerable evidence 
that the vessel emerged from the cranial wall of the A, umbilicalis, 1. 5 
to 2. 5 cm from the origin of the latter. This was further confirmed by 
Sieber (1903), Dobberstein and Koch (1958), and Lange (1959). The A. 
uterina (mediana) was embedded in the broad ligament of the uterus, and 
coursed in a cranioventral direction. During its course it gave off the 
Ramus uretericus, in agreement with Lange (1959) and Barone et al. 
(19 62; A, uterina media) . 
There has been discrepancy as to the termination of the A, uterina 
(mediana) (Bove 1956; Lange 1959; Barone et al. 1962), In this study the 
arterial arrangement of the A, uterina (mediana) terminated into two 
main vessels, in agreement with Boye (1956). These branches divided, 
as soon as possible, into primary branches showing two basic aspects. 
They coursed straight in gilts, while in the uterus of the sow they were 
tortuous, in agreement with Grahame and Morris (1957). It was also 
observed that the primary branches gave off small branches to the broad 
ligament of the uterus, 
As soon as the primary branches reached the mesometrial curvature 
of the uterine horn each divided into secondary branches. The latter 
joined the adjacent ones, forming a true arcade similar to that of the A, 
jejunalis (artery of the small intestines). From these arcades the Ramuli 
uterini were given off to the uterine wall (concurring with Sieber 1903; 
Boye 1956; Grahame and Morris 1957; Lange 1959; Barone e_t al. 1962). 
The disposition of the A, uterina (mediana) in the sow conforms to the 
special features pertaining to the uterus. Corrosion latex specimens 
showed that the A, uterina (mediana) anastomosed with the A, ovarica 
(utero-ovarica) through its cranial branches and furnished the uterine 
tube and the tip of the uterine horn. A similar arrangement was observed 
between the A, uterina (mediana) and the cranial ramus of the urogenital 
artery, These findings are in agreement with Lange (1959) and Barone 
et al. (19 62) . 
Apart from the descriptions of Sieber (1903) regarding the A, urogeni-
talis in the swine, most authors (Martin 1923; Mannu 1930; Sisson and 
Grossman 1953; Dobberstein and Koch 1958) agree that the A, urogeni-
talis in the swine resembles that of the bovine. Generally speaking, 
there is concordance between the general pattern of the bovine and the 
swine, 
The A, urogenitalis (A, vaginalis; A, prostatica) in the goat supplied 
the accessory genital glands, in the male, and supplied the cervix of the 
uterus, the vagina, and vulva and extended to the perineum in the female 
(Magilton and Getty 1969). This present study of the pig revealed simi-
lar findings, however a few specific features should be emphasized in 
the pig. In both the male and female, the A, urogenitalis (A, vaginalis; 
A, prostatica) divided into two branches--cranial and caudal. These 
branches appeared to differ in size. The caudal branch was the better 
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developed and seemed to be the direct continuation of the parent vessel 
(also reported by Lange 1959, who designated this branch the A, peri-
nealis in the sow). In four out of five male specimens, the left vessel 
was better developed than the right one and appeared as a unilateral 
branch which coursed between the bulbourethral glands and ended after 
anastomosing with the A, pudenda interna (in agreement with Getty 1964). 
This branch was not extended to the perineal region as its counterpart 
was in the female (in agreement with Preuss 1959), and it did not give 
off the A, rectalis (Haemorrhoidalis) media. In the female the left 
caudal branch of three of five specimens was the better developed and 
extended to the perineal region. It anastomosed with the A, pudenda 
interna and, like its counterpart in the male, did not give off the A, rec-
talis media (in agreement with Lange 1959). The cranial branch in the 
female was seen to anastomose with the A, uterina (mediana), the latter 
being a branch of the A, umbilicalis. 
It is generally agreed that the A, pudenda interna in the male supplies 
the penis and the structures related to it (Sieber 1903; and Getty 1964). 
The disposition of its collateral branches, as well as its termination, 
appeared to be variable. For example, the A, bulbi penis and the A. 
profunda penis arose separately or by a common trunk from the parent 
vessel and, as such, an arterial pattern could not be established. The 
A, pudenda interna joined its fellow of the opposite side to form the A, 
dorsalis penis. In the description of the terminal branches of the A. 
dorsalis penis to the fornix of the prepuce, the terminology used by 
Christensen (1953) has been adopted. 
In the female the A, pudenda interna furnished the arterial supply of 
the vagina, vulva, and clitoris and anastomosed with the A, pudenda 
externa in the perineal region (in complete agreement with the findings 
of Lange 1959; Barone et al. 1962), However, it should be emphasized 
that the origin of its collateral branches, as well as the termination of 
the A, pudenda interna, was variable. Therefore, it was not possible to 
establish a general pattern of its disposition. The contribution of the A. 
rectalis (haemorrhoidalis) caudalis to the blood supply of the genital 
tract in both sexes was by its collateral and terminal branches. In the 
male it gave off the A, perinei and in the female it supplied the muscles 
of the vulva. 
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Figure 1. Arteries to the ventral wall of the trunk in the female pig 
(schematic) . 
1 Aorta abdominalis 81 A, rectalis (haemorrhoidalis) 
2 A, phrenoabdominalis cranialis 
2' A, phrenica caudalis 8 3 A. subclavia 
2" A, abdominalis cranialis 83' Truncus omocervicalis 
4 A, renalis (left) 84 A, and V, thoracica interna 
5 A, ovarica 85 Rami inter.costales of 84 
9 A, iliaca externa 86 Cutaneous branches of Rami 
10 A, circumflexa ilium profunda sternales of 84 
11 A, profunda femoris 87 A, epigastrica cranialis 
12 A, cremasterica 88 Lateral branches of 87 
13 Truncus pudendoepigastricus 89 Medial branches of 87 
14 A, epigastrica caudalis 90 A. musculophrenica 
15 A, pudenda externa 91 A, thoracica externa 
16 Lateral cranial branch of 15 92 A, transversa scapulae 
17 Middle cranial branch of 15 93 Rami ventrales of Aa. 
18 Medial cranial branch of 15 Interco stale s 
21 Caudal branch of 15 9 4 V, cava cranialis 
22 Superficial branch of 21 94' Truncus costocervicalis 
23 Deep branch of 21 95 V. jugularis 
33 A, iliaca interna 96 V, axillaris proximalis 
79 A, sacralis mediana 9 6' V. axillaris distalis 
80 A, mesenterica caudalis N Lnn, inguinales superficiales 
I - XIV Ribs 
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Figure 5. Terminal branching of the A, pudenda externa in the male pig 
( schematic) . 
N Lnn, inguinales superficiales 
15 A. pudenda externa 
16 Lateral cranial branch of 15 
17 Middle cranial branch of 15 
18 Medial cranial branch of 15 
21 Caudal branch of 15 
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RIGHT ARTERIES: 
1 
ti t2 
la 
I5~ 
TYa 11 
Type Il 
Type t 
Type II 
LEFT ARTERIES: 
Type II 
Type 1 
2 
t 
T 
Type I 
Type 11 
Type 1 
3 
8 
Type I 
Type I Type l 
Type fIl 
9 
Type II 
10 
Type I 
5 
Type Il 
Type 1 '~ Type 1 
Figure 6. Variations in the origin of the A, cremasterica (spermatic 
externs), 
9 A, iliaca externs 
10 A, circumflexa ilium profunda 
11 A, profunda femoris 
12 A, cremasterica 
13 Truncus pudendoepigastricus 
14 A, epigastrica caudalis 
15 A, pudenda externs 
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Figure 7. Latex cast of the A, ovarica (utero-ovarica). 
A Extent of the follicle 
5 A. ovarica (A, utero-ovarica) 8 Ramus ovaricus 
5' Rami tubarii 8' Spiral artery of 8 
5" Arterial plexus of 5' 36 A, uterina (mediana) 
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Figure 8. Latex cast of the arteries of the genital tract of the female 
pig. 
A Ovary 
B Uterine horn 
C Vagina 
D Vulva 
5 A, ovarica (A, utero-ovarica) 
8 Ramus ovaricus 
36 A, uterina (mediana) 
36" Primary branches of 36 
40 A, urogenitalis (A, vaginalis ) 
41 Cranial branch of 40 
51 Caudal branch of 40 (A, perinealis of 
Preuss and Lange) 
60 A, pudenda interna 
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Figure g, Latex cast of the blood vessels of the uterus and uterine horn 
(lateral view), 
36 A, uterina (mediana) 
36" Primary branches of 36 
36V1 Communicating branches from 36 to 40 
40 A, urogenitalis 
41 Cranial branch of 40 
50 Rami uterini 
50' Ramus uterinus (caudalis) (A, uterina caudalis) 
51 Caudal branch of 40 (A, perinealis of 
Preuss and Lange) 
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Statistics Differences in Feed Efficiency 
FELCH, DONALD EDWARD Between Leghorn Lines Selected 
Measurements of Pore Size for Large and Small Body Size. 
Distribution in Consolidated Poultr Science 
Porous Materials. FREVERT, RITA KAY 
Chemical En ineerin The Ability of Elementary 
FINCH, ROBERT BRUCE School Students to Estimate 
Suboptional Analysis of the High and Low Subtest Sources 
Carrier Landing Problem. on the Iowa Tests of Basic 
Electrical En ineerin Skills. 
FISCHER, DARYL ROBERT Education 
Topologies on Point Closures. 
Mathematic s 
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FULLER, JOHN EDWARD HALONEN, MARILYN WAINIO 
The Thorium -Thorium Tetra - I. Development of an Assay 
chloride System. for S-CarboxymethyL-L-
Metallur Cysteine. II. Experiments 
GARCIA, VIRGILIO VILLEGAS on the Raney Nickel Desulfuri-
PracticaL Methods for Packing nation of S-CarboxymethyL-L-
Reproducible Gel Filtration Cysteine Residues in Feather 
Columns; Their Application to Keratin. 
Protein Separations. Biochemists 
Food Technolo HAMM, FREDERIC BYRON, JR. 
GERDES, NANCY JANE Design of Axisymmetric Passages 
Teacher Perceptions of Prepara- for Compressible, 
Rotational 
tion for Teaching Home Economics Flow. 
in Secondary Schools. Mechanical En ineerin 
Home Economics Education HANRAHAN, DAVID EARL 
GILLISPIE, JAMES R. A Simplified Electron Drill. 
Competencies in Agriculture Industrial Education 
Needed by Males Employed in HANS, ELDON JAMES 
Dairy Food Processing. The Effects of Breed and 
A ricultural Education Environmental Systems on 
GJERSTAD, DEAN HAROLD Performance and Carcass 
Controlled-Environment Prove- Characteristics of Swine. 
nance Trials of Ponderosa Pine. Animal Science 
GOETHALS, MARY JANE LOUISE HANSEN, DUWAYNE LEE 
Creating Designs Inspired by a Minimization of a Linear 
Private Collection of Arts and System Using Pseudo-Boolean 
Crafts of West Africa. Techniques. 
A lied Art Mathematics 
GOODS, WAYNE EDWARD HANSEN, LOUIE O. 
Manpower and Training Needs of Pre -involvement as an Influence 
Employees in Independent, Coope- on Response to a Newsletter. 
rative and Company Owned Retail Technical Journalism 
Fertilizer Distribution Businesses. HARPER, JOSEPH BUDGE 
Education Competencies in Swine Produc -
GRAB AU MARGARET B. tion Needed by Farmers. 
A Comparison of Classroom A ricuLtural Education 
Verbal Interaction of Superior HASKELL, NORMAN LEIF 
and Other Teachers. The Petrography of the Tensleep 
Child DeveLo ment Formation Along the West Flank 
GROSZ , WILLARD WAYNE of the Bighorn Mountains, 
Administrative Costs of Selected Bighorn County, 
Wyoming. 
School Districts in Missouri, Ge~ol°~ 
Nebraska and South Dakota. HATHAWAY, SYLVIA ANN 
Educational Administration Identification by Teachers of 
HAAG, MERLYN ANTHONY Potential Referrals to an 
Responses of Concord Grape to Iron Elementary School Counselor. 
Additive s with Z, 4 -D Herbicides . Educe °; 
Horticulture HECKERT, JOHN WAYNE 
HAJIANI, SUSAL HOKANSON Correlation of Ballistocardio-
Givil-MiLi"terry Relations on gram and Electrocardiogram. 
Ottoman and Republican Turkey. Electrical En ineerin 
Political Science 
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HEDRICK- GEORGE ELLWOOD III 
The Design and Implementation 
of a Conversational Program-
ming System. 
Com uter Science 
HEITMANN, KENNETH HARRY 
An Examination of Hired Farm 
Workers on Iowa Farms. 
Economics 
HELZER, SUSAN R. 
Rate and Mechanism of Formation 
and Aquation of Chromatoiron 
(III) Ion. 
Che,. 
HENDERSON, ALLEN GORDON 
A Comparative Analysis of Direct 
and Indexed Organization in a 
Commercial Environment. 
Com uter Science 
HENDERSON, SALLY JO 
Biosynthetic Precursors of Ismine 
and Alkaloids of the (Z) Benzo-
phyano (3, 4d) Indole Ring System. 
Che
er
HENDRICKS, PATRICIA BRISCOE 
The Literary Critism of E.B. 
White . 
En lish 
HENRIQUEZ, OMAL bY~NUEL 
Logistic Models for Spore Count 
Data from Artificially Induced 
Epiphytotic s . 
Statistics 
HENRY, ELLEN JOYCE 
Studies in the Diagnosis of 
Bovine Coccidoidomycosis. 
Bacteriolo 
HEPPEL, BUNNY JEANNE 
ABud-Graft Incompatibility in Rosa.
Horticulture 
HILL, LOGAN MONROE 
Antioxidant Effects and Peroxide 
Decomposition in Milk Fat. 
Food Technolo 
3INZE, JAY WILLIAM 
Investigations on the Electronic 
Conductivity of Calcium Fluoride . 
Me to L lur 
~O, WEN-HUEI KAO 
In Vitro Esterification of Radio 
active Palmitic and Oleic Acids 
by Bovine Jejunum. 
Biochemistr 
HOCRAFFER, Donald R. 
Evaluation of Urea -Supplemented 
Corn Silage in Dairy Cattle 
Rations . 
Animal Science 
HOLMES, LOIS JEAN 
Motor Response Associations 
in Transfer of Training. 
Child DeveLo ment 
HOLTZ, RICHARD SEVERT 
Factors Associated with Teacher 
Dropouts in Iowa in 1966. 
Educational Administration 
HOPPER, MARGE EUBANK 
The Effect of Social Approval 
on Young Children's Persis-
tence Behavior. 
Child Develo ment 
HORNBACHER, ROSE MARIE 
Nutrition Concepts Held by 
Seventh and Eighth Grade 
Pupi L s in Iowa . 
Home Economics Education 
HOV LAND, MARCIA KAISER 
Cast Studies of Single Female 
High School Graduates Adjust-
ing to the Work World. 
Home Economics Education 
HUFFERD, DAVID ELWIN 
Modification of the Athena Com-
puter for General Purpose Use. 
Electrical En ineerin 
HUGGINS, DONALD GEORGE 
Limno logy of Desoto Bend Lake . 
Bi,Y ol°~' 
HUGGINS, THOMAS GLAN 
Production of Channel Catfish 
(Ictalurus punctatus) in 
Tertiary Treatment Ponds. 
HULL, WALTER EDWARD 
Heat Accumulation in an Agri-
culture L Tractor Hydraulic 
System. 
A ricultural En ineerin 
HULLERMAN, HAROLD WAYNE 
A Comparison of Delinquent and 
Nondelinquent Junior High Students. 
Education Administration 
138 MASTERS' THESES, 1968-69 
HUSAIN, MUZAMMIL 
Construction of Regression 
Weights for Estimation in Sample 
Surveys. 
Statistics 
HUSTEDDE, WILLIAM CHARLES 
Dogmatism and CoLLege Major 
Ps cholo 
HUTCHINSON, JOHN DONALD 
Inter -relationships Among 
Capital, Technology and Size in 
Farm Organization and Income. 
Economic s 
HUTCHISON, RICHARD ARTHUR 
A Study of the Effect of a Distrac-
tive Stressor on Driving by Three 
Types of Drivers. 
Ps cholo 
HUTTON, NORMAN EUGENE 
Veterinary Medical Information 
Systems. 
Com uter Science 
IMMORDINO, JAMES JOHN 
Extension of Kendall -Friedman 
Two Way Analysis of Variance 
to Two Factors Crossing Blocks. 
Statistic s 
INGRAHAM, RODNEY H. 
Milk Production and Rectal 
Temperature Responses of 
Holstein Cattle to Cooled Drinking 
Water in a Subtropical Climate. 
Veterinar Ph siolo 
IOANNOU, TOM KYRIACOU 
Prediction of Equilibrium Data 
for the Solvent Extraction 
System SmCLZ - NdC15 - HCL -
H20 with the Extractant Di - (Z-
EthythexyL~ Phosphoric Acid in 
Amsco. 
Chemical En ineerin 
IVERSON, PETER MICHAEL 
Reactions of Thorium Carbide in 
a Fused Salt -Liquid Metal 
System. 
Meta Llur y 
JACKSON, GLEN 
Preparation of Planar Lithium -
Drifted Germanium Detectors. 
P, c.  s 
JACOBSEN, LINDA LU 
Consumer Education Needs of 
Young Fami Lie s in T>xa s . 
Home Economics 
JACQUES, RICHARD LE(~ JR. 
Biology of Systena frontaLis 
(CoLeoptera: ChrysomeLidae~ in 
Iowa 
ZooLo and EntomoLo 
JAFARI, LAFIIBRAHIM 
Opinion of Adults Completing 
the High School Equivalency 
Test. 
Education 
JENNINGS, CLARK W: 
Response of Corn Hybrids of 
Diverse Maturities to Plant 
Populations and Planting Dates. 
AA r 
JOHNSON, LORRAINE CAROLYN 
The Antigenicity of Nucleic 
Acids from Bacillus spp. 
BacterioLo 
JONES, ELLA MAY 
Problems of Educable Mentally 
Retarded High School Students 
as Measured by the Bell Adjust-
ment Inventory. 
Education 
JONES, LARRY LEE 
Contributions to the Theory and 
Computation of Pseudo-
Inverses. 
Electrical En ineerin 
JOSHI, RAMESH CHANDRA 
Experimental Production of 
Synthetic FLy Ash from KaoLinite, 
Civil En ineerin 
JUDE, DAVID JOHN 
Bottom Fauna Utilization and 
Distribution of 10 Species of 
Fish in Pool 19, Mississippi 
River . 
Z o,.,.~ °.~'. 
KACENA, WILLIAM JOSEPH 
An Experimental Investigation 
of the Resonant Frequencies of 
an Inflated Torus Under Forced 
Harmonic Oscillation 
Aeros ace En ineerin 
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KAMAT, HARISCHANDRA VITHOBA KIM, GIHO 
An Integral Solution to the Boun- The Quantitative Determination 
dary Layer Equations Including of Total Sulfur in Phosphopro-
Transverse Curvature. teins, with Special Reference to 
Aeros ace En ineerin Cassin. 
KARMON, DAN Biochemistr 
A Small Magnetic Thin Film Non- KIMM, DERALD ERVIN 
Destructive Read -Out Control Characterization of the A -O 
Memory. Blood Group System in Two 
Electrical En ineerin Breeds of Swine. 
KAY, HERBERT DAVID Animal Science 
Genetic Analysis of Leucine KIROLLOS, JANET YACOUB 
Biosynthesis in Staphylococcus Potato Leafhopper (Empoasca 
aureus.  fabae (Harris, (Cicadellidae, 
Cell Biolo Homoptera~ Egg Viability in 
KELLOGG, GARLAND EUGENE Sterile Media. 
Zearalenone Administration as a Zoolo and Entomolo 
Possible Anabolic Agent in Grow- KNAPP, ROGER CYRUS 
ing and Finishing Beef Cattle. A Linear Programming Applica-
Animal Science tion to Grain Merchandising. 
KENT, MICHAEL ALLEN Economics 
Preoptic Temperature as a KOLLMAN, GERALD EUGENE 
Function of Oral and Intragastric Influence of Soil Compaction on 
Feeding. Weed Seedling Emergence. 
Ps ch^~ A r 
KERN, CHARLES LLOYD KONEFAL, ROBERT THOMAS 
Use of High Populations and The Factors Affecting the 
Herbicides with Minimum Secretion of Sucrose by the 
Tillage of Corn (Male Sterile Alga Trebouxia.
and Fertile and Soybeans. Food Technolo 
A ronom KOWALCZYK, KENNETH JOHN 
KHALID, FAISAL REDHA Kinetic Study of the Thermal 
Evaluation of Various Contrast Formation and Dissociation of 
Media for Radiographic Demon- Phosgene in a Tubular Reactor. 
stration of Joint Cavities of Dogs. Chemical En ineerin 
Veterinary Clinical_Sciences KOWALSKI, THOMAS F. ------- - -- ------- -
KHAN, RUDOLPH ALLADAT 
The Effect of Temperature on 
Disease Exchange in Soybean 
Root Diseases. 
Botan and Plant Patholo 
KHANTUN, KHADIJA 
An Application of Digital Com-
puters to the Analysis of Sample 
Survey Data: The 1966 Iowa 
Outdoor Recreation Survey. 
Information Seeking Behavior 
and Related Characteristics 
of Atlanta Businessmen in the 
Food Service and Lodging 
Industry. 
Technical Journalism 
KRAPU, GARY LEE 
Studies of Certain Waterfowl 
Management Practices in 
Northwestern Iowa. 
Statistics Zo~ lo~ 
KIDDER, CHARLES ROBERT KU MAR, DHIRENDRA 
A Computerized Model for the An Evaluation of a Leaf Thresh -
Analysis of Corporate BondYields. ing System for Alfalfa. 
Industrial En ineerin A ricultural En ineerin 
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KURSITIS, JOHN 
An Aerial Photographic Interpre-
tation Key for Urban Land Use. 
Landsca e Architecture 
LANTIN, RHODA SORIANO 
The Characteristics of Photomodi-
fied Af latoxins . 
Food Technolo 
LARKIN, JOHN DAVID 
The Relationship Between Job 
Attitudes and Supervisory 
Leadership Style. 
Ps cholo 
CARSON, DARLENE CHRISTENSEN 
The Role and Function of the 
Guidance Coordinator in the 
Intermediate Unit in Iowa. 
Education 
'LAVER, G. NICHOLAS 
Testing the Mean of a Norma L 
Population in an Incompletely 
Specified Model with Unknown 
Variance. 
Statistics 
LEDESMA, LINO LUIS 
Characteristics of Soils Developed 
in Missouri River Alluvium in 
Western Iowa. 
A ronom 
LEE, JEUNG HAN 
Factor Demand and Product 
Supply Functions and Optimal 
Allocation Patterns Derived from 
Experimental Fertilizer Produc-
tion Functions for Korea. 
Economic s 
LEE, KYUHOE 
The Photodimers of 9-Nitro-
anthracene, 9-Anthryl Isocyanate. 
Che
er
LEIGH, ABISOGUN O. 
Heritabilities and Covariation 
Between Dressing Percentage 
and Growth Rate in Swine. 
Animal Science 
LEWIS, MARION QUINN 
The Effects of Two Film Models 
on Educational Information 
Seeking Among First -Year 
College Males. 
Ps cholo 
LEWIS, ROBERT ALLEN 
The Legibility of Capital and 
Lowercase Computer Printout. 
Journalism and Mass 
Communication 
LIDDELL, MARGARET LOUISA 
Extended Learning Experiences 
for a Secondary School Child 
Development Unit. 
Home Economics Education 
CINDER, JOAN HELEN 
Effect of Increments of Dietary 
Tryptophan and Niacin on 
Growth and on the Immune 
Response of Young Rats. 
Foods and Nutrition 
LINDVALL, RONALD NEAL 
Relationship of Carcass Charac-
teristics with Several Ultrasonic 
Measurements Taken on Young 
Pigs. 
Animal Science 
LIPPMANN, ALPHA MARIE 
Parents' Perceptions of the 
Need for Elementary School 
Guidance Services. 
Education 
LIU, TSUNG -SHIH 
Study in Correlation of Static 
Characteristics and Creep 
Properties in Plated Wires. 
Electrical En ineerin 
LU, CHUNG-CHI 
Economics of Livestock -meat 
Industry in Japan. 
Economics 
LUDWIG, CRAIG GARY 
Variation of Estrogenic Activity 
of Various Tissues from Preg-
nant and Non-Pregnant Heifers. 
Animal Science 
LUDWIG, WILLIAM JOSEPH 
Interest of Clarity as an Approach 
to Urban Design: A Case Study 
of Preferences 
Landsca e Architecture 
LUTZ, GENE MERLIN 
Relative Influence of Personal 
and Involving Mass Communica -
tion Channe L s . 
Sock 
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MC AFEE, KATHLEEN R. T. 
Environments in College Home 
Economics and Science and 
Humanities Units as Perceived 
by Women Students. 
Home Economics Educa tion 
MC CAMPBELL, HUGH SHANNON 
Carbohydrases and Transgly-
cosidases in Salivary Secretions 
of Potato Leafhopper Empoasca 
fabae  (Harris, (Cicadellidae, 
Homoptera~. 
Zo... °l° .~'~ 
MC CLOSKEY, RICHARD JOHN 
Chronology of Reproduction of 
the Fox Squirrel in Iowa. 
Z o,.. ° l °. fi r 
MC CLUSKEY, JAMES KEITH 
Preparation of Vanadium Metal 
by Carbon Reduction of Vanadium 
Oxides . 
Nuclear En ineerin 
MC LAUGHLIN, RONALD M. 
Freeze -Thaw Survival of Sperm 
from Boars Without Semina L 
Vesicles and Bulbourethral 
Glands. 
Veterinar Ph siolo 
MC LAUGHLIN, WILLIAM MICHAEL 
The Effectiveness of Councils of 
Governments in Implementing 
Metropolitan Physical Plans. 
Landsca e Architecture 
MC MULLEN, CAROLE SUE 
Municipal Politics and Structural 
Reform: The Case of Des Moines. 
Government 
MC NEILL, POLLY JOLLY 
Exposure to Literature at an 
Early Age and Reading Achieve 
ment in First Grade. 
Child Develo ment 
MAHMOUD, ALI RAMADAN 
Development of aStalk-Pulling 
Machine . 
A ricultural En ineerin 
MA LAND, JAMES BRIAN 
Effect of Dieldrin on Visual Dis-
crimination in the Sheep. 
General Science 
MARPLE, DENNIS NEIL 
Effects of Anti-mortem Stress 
and Hydrocortisone on Porcine 
Plasma and Muscle Characteris-
tics. 
Food Technolo 
MARSH, HAROLD E. 
Factors Related to Occupations 
of Male Graduates of the New 
Providence Community High 
School. 
Education 
MARTENS, JOHN GEORGE 
An Evaluation of Selection of 
Disadvantaged Youth for Four 
Iowa Youth-work Programs. 
Economics 
MATHRS, EUGENE WILLIAM 
The Phenomena of the Risky 
Shift: An Experimental 
Assessment of Causation. 
Ps cholo 
MATT, VINCENT ALOYSIUS 
Physical Response Relationships 
for Evaluating Timber Invest-
ments. Red -White Pine Timber 
Type in the Lake States, a~n 
Illustrative Case. 
F 
 fo° r,,....~.:~ 
MEAD, RONALD J. 
Size and Power of Analysis of 
Variance Test Procedures for 
Incompletely Specified Fixed 
Models. 
Statistics 
MERCHANT, STANLEY RICHARD 
Layering Phenomena in Colloidal 
Suspensions. 
Ceramic En ineerin 
MERICLE, KENNETH SCOTT 
Technicians in Pharma. cy. 
Economic s 
MEY ER, JANE KATHERINE 
B e Lief s about Fami Lie s He Ld by 
Iowa Pupils in Grades 7-12. 
Home Economics Education 
MILLAN, ALVARO A. 
A Field Test for Measuring 
Creep Susceptibility of Soils. 
Civil En ineerin 
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MOKKHAVES, MALLIKA 
Estimation of Population Mean 
and Population Proportion Using 
Ratio and Regression Methods. 
Statistic s 
MOORS, GRANT H. 
Factors Related to Achievement 
in First Year French. 
Education 
MOORS, JOHN GORDON 
Employee Attitudes and Turnover 
A Replication. 
Ps cholo 
MORTON, DAVID MAURICE 
A Tunable Trapped-Mode 
Resonator . 
Electrical En ineerin 
MOTT, GARY LEE 
Policies and Practices in Coun-
selor Education Programs in the 
United States . 
Education 
MOWBRAY, RODNEY CAMERON 
Cytological and Immunological 
Investigation of Sperm -Egg 
Interactions in Selected Dacapod 
Crustaceans and Limulus poly-
phemus L. (Merosomata). 
Z o,.,.,°  1. o.~tx 
MUCHIRI, GICHUKI 
Resistance to Air Flow Through 
Shelled Corn. 
A ricultural En ineerin 
NEAL, THOMAS JAMES 
A Comparison of Two Muskrat 
(Onadatra tibethicus~ Popula-
tions . 
Zo.., ° 
NELSON, KERRY SCOTT 
Transverse Magnetoresistance 
in Vanadium and in a Chromium -
Rich Chromium -Vanadium Alloy. 
Pn.X..:~s. 
NERVIG, DENNIS LEE 
Simulation of the Effect of Drugs 
Upon B food Pressure and Volume 
Distribution During Extracor-
poreal Circulation. 
Electrical En ineerin 
NEUBAUER, HORST PAUL 
Radiographic Demonstration of 
Induced Periarticular and Arti-
cular Arthritis in the Stressed 
Skeletally Immature Horse 
(Equus caballus~. 
Veterinar Clinical Sciences 
NEVILLE, MELVIN EDWARD 
Taxonomic Revision of the 
Bacterial Genera Arthrobacter 
and Brevibacterium.
Bacteriolo 
NICHOLAS, KATHLEEN HALL 
American Attitudes Toward 
an Indian State. 
His~°~ 
NICHOLSON, MARY ELIZABETH 
Clothing Acquisitions and 
Discards of a Group of High 
School Girls with Emphasis on 
Handed Down Clothing. 
Textiles and Clothin 
NICHOLSON, PHILLIP RAY 
A Statistical Study of Factors 
Affecting the Rate of Corporate 
Merger in American Manufactur -
ing. 1951 -1966. 
Economics 
NISSEN, MICHAEL LUDWIG 
A Study of the Variables which 
Influence Flood Damage Evalua-
tion. 
Civil En ineerin 
NIX T, THOMAS LYLE 
Effects of Energy Level and 
Antibiotics on Swine Reproduc-
tion. 
Animal Science 
NORD, DENNIS LYNN 
Sensitization of Interviewers in 
Nonverbal Behavior. 
Ps cholo 
NUGENT, THOMAS GEORGE 
A Comparison of Selected 
Characteristics of Manpower 
Development and Training Act 
Graduates and non-Graduates . 
Education 
OAK, GONGYOON 
A Simple Method of Estimating 
Spectral Density Function from 
Experimental Data. 
Electrical En ineerin 
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O'CONNOR, DENNIS LEFAIVRE chan~;able Part Production 
Application of the Learning System Subjected to Different 
Curve Technique to Nuclear Priority Disciplines. 
Power Production. Industrial En ineerin 
Nuclear En ineerin PANLASIGUI, LEONORA NIGOS 
OKIISHI, RAE WIEMERS Energy Costs of Standardized 
Use of Individual Trend Analysis Activities of Eight Adult Women. 
in Academic Prediction. Food and Nutrition 
Ps cholo PARKER, MONTE BRYCE 
OLANDER, FARLEY Annular Flow Regine Burnout 
Frequency Dependence of the with "Freon -11" in a Uniformly 
Magnetization of Gadolinium in Heated Tubular Test Section. 
the Neighborhood of the Ferro- Nuclear En ineerin 
magnetic Ordering Temperature. PATEL, CHANDUBHAI M. 
1Gletallur Comparison of Some Methods 
ONKEN, GENE A. of Probability Sampling. 
The Characteristics and Pur- Statistics 
chasing Practices of Iowa Resi- PATRICK, RONALD DEAN 
dential Building Firms. The Effects of Humoro~~s Car-
For~tr~r toons on Recall of an Oral 
OPENSHAW, MARTIN DAVID Message. 
Ammonia Diffusion Zones in Soil Journalism and Mass 
and the Effect of Ammonia cal cation 
Nitrogen on Germinating Corn PATTON, PATRICIA ANN 
Seeds. Sociological and Psychological 
AA 
~r  Responses of Students to the 
ORR, NORMAN WILFORD Lighting for the Study Task 
The Relationship Between Religion Setting in Dormitory Rooms at 
and Science in New England During Iowa State University. 
the Great Awakening. Household E ui ment 
General Science PE BENITO, MARINO PELLE 
OSTENSON, JEROME EDWARD Industrial Structure and Econa-
Surface Superconductivity in mic Development in the 
High Purity Niobium. Philippines . 
Ph~c \s Economics 
OYETUNJI, ASIMIYU A. PERRY, RICHARD ALAN 
Zero Sequence Current Distribu- Performance of a Continuous 
tion Along Parallel A -C. Trans- Multistage Extractor. 
mission Lines. Chemical En ineerin 
Electrical En ineerin PERSON, STEVEN JOHN 
PACUCCI, GIOVANNI Composition of the Blood of Two 
Stability of Grain Yield in Avicularid Spiders. 
Selected Mutant Oat Lines. Zo~ l vo~ 
AA 
~r  PETERS, CATHERINE 
PACKARD, DOUGLAS RANDALL Clothing Acquired from Selected 
Resistivity and Electrotransport Supplementary Sources by Low 
Studies of Dilute Molten Sodium ~~ Moderate Income Families 
Alloys. in a Midwestern City. 
Ph~c s Textiles and C lothin 
PAI, A SHOK RA MAKRISHNA 
An Investigation of an Inter-
Communi - 
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PETERS. CHARLES RIFFLE in Bernard DeVoto's Treatment 
An Investigation of the Volatiliza- of Westward Expansion. 
tion of Iodine from Solution in E h 
Titrimetric Analysis. PSCHEID, GERNOT 
Che^ Stability Analysis of Nonlinear 
PETROVICH, WALTER Control Systems on the Digital 
A Survey of the Rice Industry in Computer. 
Peru. Mechanical En ineerin 
Economics PUGH, BERNARD EARL 
PFOLTNER, DAVID ALLEN Factors Related to the Predic-
The Relation of Perceived tion of Reading Achievement in 
Clarity in Satisfaction and With- Special Reading Programs. 
drawn 1. Education 
Ps cholo RAGG, DOROTHY MARY 
PHELPS, GEORGE F. Training Needs of Restaurant 
Factors Which Influence Iowa Personnel in Iowa. 
Vocational Agriculture Instruc- Institution Mana ement 
tors to Remain in the Profession. RAMPSON, RAYMOND DEAN 
Education. Relating Private Re sidentia l 
POE, MARTIN TURNER Developer Goals to Urban Plan -
Variation in the Level and Growth ning. 
in Family Income Among Iowa Landsca e Architecture 
Counties, 1950 -1960. RANGEL, LUIS JAIME 
Economics Hypothalamic and Hypophyseal 
PORTER, MAX LEE Changes Assocated with Feeding 
Investigation of Light Gate Steel M.A. T. C. H. (1 . C. 1 . 33828 
Forms as Reinforcement for non -Steroid Compound) for 
Concrete Slabs. Estrus Synchronization in Swine. 
Civil En ineerin Veterinar Clinical Sciences 
PORATH, WAYNE RAYMOND RANTHUM, EICHARD GILBERT 
Population Ecology of Ruffed Distribution and Food Habits 
Grouse in Northeast Iowa, of Several Species of Fish in 
Zo~ l vo~r Pool 19, Mississippi River. 
POWERS, JOHN ROBERT ZoN o 
Convection in Capillary Measure- RASER, GLEN ALVIN 
ments. Signal Detection Theory and 
Chemical En ineerin Meaningfulness in Short -Term 
PRASSE, KEITH WILLIAM Memory. 
A Study of the Antigens of Adult Ps cholo 
Swine Lung worms (Meta strangylus~REED, DIXIE LEE 
Species. Identification of the Functions 
Veterinar Patholo and Activities of City Super-
PRESCOTT, MARY RUTH ANN visors of Home Economics 
Counselee, Counselor and Education. 
Supervisor Ratings as a Means Home Economics Education 
of Evaluating Counselor Effec- RILEY, RUSSELL ROBERT 
tiveness. Problem Survey of Former 
Education Servicemen Attending Iowa State 
PRUESSING, PETER S. University. 
Manifest Destiny and "The Education Administration 
Literary Fallacy": The Paradox 
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RIPPE, ROBERT DWIGHT SAMANI, FEREYDOON 
Service Life Expectation of Moment -Curvature Relation 
Institutional China Tableware by for Built-up Steel Sections. 
Life Analysis. Civil En ineerin 
Institution Mana ement SANDRY, THOMAS DENNISTON 
ROBERTS, JOANNE MC DANEL Molecular Conductance from a 
Stylistic Consistency Among Curved Surface Through a 
Aesthetic Preferences and Their Cylindrical Hole. 
Personality Correlates on the Chemical En ineerin 
Rotter Social Reaction Inventory. SANTOS, GLADYS BERTA 
Ps cholo Sterility in Spartina pectinata.
ROBERTSON, CORRINE B otan and Plant Patho to 
Clothing Practices of Selected SCHAEFER, MARGARET ANNE 
Minnesota Farm Migrants. An Unusual Ligand Derived 
Textiles and Clothin from Reactions of Niobium or 
ROBINSON, MARGARET MERRITT Tantalum Halides in Acetoni-
The Relationships of Emotional trite. 
Adjustment, Intelligence, School Che^
Achievement, Ages and Sex in SCHAKEL, LEONARD LEE 
Fourth Graders. Kinetics of Calcium Sulphate 
Child Develo ment Hemihydrate Crystallization 
ROGERS, JOHN MORGAN in Phosphoric Acid Solution. 
Potentials of Vacuum Casting Chemical En ineerin 
and Model Materials in Cast SCHETTLER, HEINRICH GUSTAV 
Jewelry. Thermal Conductivity of Thorium. 
A Lied Art 
P .~ 
ROSENFELD, RONALD CARL SCHMIDT, JULIAN GENE 
Magneto static Mode Splitting in Effects of Carcass Maturity 
a YIG Disk. and Cooking Temperatures on 
Electrical En ineerin Physical, Chemical, and 
BOTH, DOUGLAS DUANE Histological Properties of 
Thermal Conductivity of Bovine L. dorsi  Muscle. 
Starch Particles. Animal Science 
Chemical En ineerin SCHMIDT, MARY DELTA 
ROUSE, GENE H. Virtue Unrewarded: Henry 
Carcass Composition of Lambs Mackenzie's The Man of Feeling. 
at Different States of Development. rEn liv  h 
Animal Science SCHMITT, DONALD PETER 
ROWSON, JOSEPH PETER Plant Parasitic Nematodes and 
Attitudes of the Iowa Statehouse Nematode Populations in the 
Press Corps Toward Governor Kalsow Prairie. 
Harold E. Hughes. Botan and Plant Patholo 
Technical Journalism SCHNEIDER, SHERYL ANN 
RUEBLING, CHARLOTTE EMMA One Sided Defect of Swiss Cheese. 
The Shifting of Property Food Technolo 
Taxes in Iowa. SCHNORR, JANET KAY 
Economics Effects of Eye Acuity and 
RUiBAL, ALBERTO Sighting on Visual Asymmetry. 
Peru and the Latin American Ps cholo 
Free Trade Association. SCHOBERT, LINDA LETAWA 
Economics Hereditary and Inductive 
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Properties of Topological Spaces. SHADDICK, PHYLLIS ANN 
Mathematics A Comparative Study of the 
SCHROEDER, KENNETH ROGER Socio-Economic Factors 
The Design and Analysis of a Related to the Clothing Behavior 
Total Corn Harvester, of White and Non-White Urban 
A ricultural En ineerin Families. 
SCHULTZ, RICHARD CARL Sock 
Photosynthesis and Distribution SHAFER, MANZELL LEROY 
of Assimilate of Scotch Pine Information Sources and Decision 
Seedlings in Relation to Soil Processes Involved in Adoption 
Moisture, Provanance and Time. of a Swine Confinement 
For~es Vt~ Facility by Individual Iowa 
SCHUSTER, ROBERT LESLIE Farmers. 
Methods Used in Iowa to Fulfill Technical Journalism 
Industrial Arts Objectives. SHEPPARD, SAMUEL JAMES 
Industrial Education Effects of Raw Soybeans on 
SCHWARTZ, KATHERINE K the Performance of Baby Pigs. . 
Factors Influencing the Occupa- Animal Science 
tional Choice of a Selected Group SIMON, DAVID EUGENE 
of Graduates of the Rockwell City The Partition of Calcium Among 
Community School 1956-1962. Cementing Compounds in Aging 
Education Highway Concretes. ... 
SCORGIE, JEAN MARGARET Earth Science 
A Handweaver's Designs for Con- SKOWRONSKI, EDMUND PAUL JR. 
temporary Garments in Loom A Comparison of Counselor and 
and Non-loom Techniques. Counselor Trainee Effectiveness 
A lied Art Using Counselee Ratings. 
SCOTT, LAURIE ANN MC NALLY Education 
Client Preferences on Counselor SLEETER,RIGHARD LEE 
Attributes Some Applications of Generalized 
Ps cholo Polynomial Programming to 
SECOR, LAUREN JAMES Chemical Process Problems. 
Effects of Variety, Plant Popula- Chemical En ineerin 
tion and Row Width on Dry Matter SMALLEY, FLORINE MAE 
and Digestible Dry Matter Yields Availability of Information to 
of Corn for Silage. Pupils in Iowa High Schools 
AA ~r  
Concerning Home Economics 
SEDGWICK, STEPHEN ROBERT Related Occupations. 
A Pilot Plant Investigation of the Home Economics Education 
Pulsed Adsorption Bed Process. SMALLEY, MERRILL DEAN 
Civil En ineerin Competencies.in Agricultural 
SEDOV, ALEXANDER Law Needed by Farmers. 
A Blast Wave in Magnetogas- Education 
dynamics. SMITH, DAVID WILLIAM 
Mechanical En ineerin Effects of Moisture and Clone 
SELIM, HUSSIEN MAGD ELDIN on Photosynthesis and Growth 
Temperature and Moisture Changes of Aspen -Poplar Hybrid. 
Under Evaporation in Laboratory Forty e 
Soil Profiles as Influenced by SMITH, FRANK JAMES 
Cracks. The Prediction of Academic 
AA 
~r  
Achievement for a Foreign 
MASTERS' THESES, 1968-69 
Student Population. 
Ps cholo 
SMITH, FRED BAXTER 
Sorption Characteristics of a 
Modified Starch. 
Chemical En ineerin 
SMITH, VETA SMITH 
Ability of a Value Inventory 
to Discriminate Among Home-
makers with Different Charac-
teristics. 
Home Economics Education 
SMOLIK, GALEN RICHARD 
The Effects of Neutron 
Irradiation Upon the Strength 
and Ductility of Vanadium. 
Meta llur 
SONDGEROTH, MARY LUKE 
Dietary Practi ces and Body 
Fatness of 9th and 12th Grade 
Girls in Relation to Their 
Concepts of Nutrition. 
Foods and Nutrition 
SPECKER, STEVEN ROBERT 
An Economic Evaluation of 
the Effect of Fast and Thermal 
Nuclear Reactors on a Power 
System. 
Nuclear En ineerin 
SPEERS, LOUISE SMITH 
Occupational Prestige as 
Viewed by Sixth Grade Stu-
dents. 
Education 
SPENCER, NORVIN DALE 
Competencies Needed by Buyers 
of Livestock for Slaughter. 
Education .,. 
STADLER, CONNIE RAE 
The Response of Rat Liver and 
Epididyma L Lipids to Dietary 
Corn Oil. 
Foods and Nutrition 
STAMP, DAVID LEE 
Yield and Potassium Percen-
tage of Alfalfa (Medicago sativa) 
on Fertile Soils as Affected by 
Cutting Frequency and Potas-
sium Fertilization. 
AA r 
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STANG, ELDEN JAMES 
Morpho logica 1 Investigations 
on Machine Harvest Strawberry 
Se lections . 
Horticulture 
STEVENS, FREDERICK L. 
Retention of Improved Reading 
Skills Following an Academic 
Learning Skills Course. 
Ps cholo 
STEWART, WILLIAM CORNELIUS 
Transplacenta 1 Infection 
Determined by Isolation of Hog 
Cholera Virus in Neonatal Pigs. 
Veterinar Microbiolo 
STIKA, RICHARD EDWIN 
The Relationship of Financial 
Need Variables to Academic 
Performance in Higher Educa-
tion. 
Ps cholo 
STRATHE, MARLENE INGRAHAM 
Social Expectations of Freshmen 
Women Entering the University. 
Ps cholo 
STR.AWN, PATRICIA GARDEN 
The "Explained Supernatural" 
in Charles Brockden Brown's 
Wieland.
ENn~lish 
STRICKLAND, EARLINE 
Relationship of Clothing and 
Personal Appearance to 
Social Acceptance and School 
Participation of Girls in a 
Mississippi High School. 
Textiles and Clothin 
SUCHANEK, ROGER LEE 
Corrosion of a Low Alloy Steel 
in a Simulated Liquid -Metal -
Fuel Reactor Mixture. 
Chemical En ineerin 
SULLIVAN, PAMELA 
Relationships Among Scores 
Derived from Two Tests of 
Reading Readiness . 
Child Develo ment 
SUMTER, PAUL EDWARD 
The Aviation Industry in Iowa: 
Occupational Patterns Economic 
Outlook. Industrial Education 
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SUND, MALTS 
Prediction of Success of German 
Medica L Students . 
Statistics 
SUTTON, ALAN LE RUE 
Nitrogen Utilization in Lambs' 
Fed Alfalfa Conserved as Hay, 
Low Moisture and High Moisture 
Silage. 
Anima L Science 
SWAIN, RONALD BRUCE 
Development of Pseudocritical 
Mixture Rules. 
Chemical En ineerin 
SWANSON, CHARLES DAVID 
Histological and Physiological 
Observations on an Anarctic 
Pycnogonid Ammothea striata. 
Zo
,., ° 
SWIFT, WAYNE DENNIS 
Fourier Analysis of Interfero-
meter Scans. 
Electrical En ineerin 
TAULANAIYDA, AJVA 
Administrative and Economic 
Aspects of Interconnecting the 
Water Systems of the City of 
Ames and Iowa State University. 
Industrial En ineerin 
TAYLOR, VIENNA SIDERS 
On~he mob Training and the Older 
Worker. 
Economic s 
TEMPLETON, MARTHA LOUISE 
The Cross Cultural Analysis of 
Attitudes Toward Choice of 
Career Within Medicine. 
Ps cholo 
THAKE, DARY L CHRISTOPHER 
The Jejunal Epithelium in 
Transmissible Gastroenteritis 
of Swine . 
Veterinar Patholo 
THITARA M, SONGSAK 
Collecting Economic and Social 
Data for Programming Agricul-
tural Development in Thailand. 
Economics . 
THOMPSON, LOUIS MILTON, JR. 
The Communication and Decision. 
Making Processes, Environ-
mental Factors and Strategic 
Considerations in Harold E. 
Hughes' 1968 Campaign for 
U.S. Senate. 
Journalism and Mass 
cation 
TOLSMA, ROBERT JAMES 
Characteristics of Job Estab-
lishment of High School 
Graduates - 1967. 
Education 
TOMCSIK, TERRY LEE 
Flash Decomposition Studies of 
Simple Hydrocarbons on Iridium. 
Chemi~t~ ..,...,. 
TOMS, PHILIP MARSTON 
Air Flow Through Auger -Stirred 
Corn. 
A ricultural En ineerin 
TREDE, LARRY DEAN 
Swine Production Systems as 
Related to Business Management 
on North Central Iowa Farms. 
Economics 
TREFAGER, JUDITH ANN 
Genetic Studies of Methionine-
Dependent Mutants of Staphylo-
coccus aureus. 
Communi - 
Bacteriolo 
TRENK, HUGH LESLIE 
Formation of Aflatoxin in Corn. 
Bacteriolo 
TRUMM, GERALD A. 
Manager Style on Three Levels 
of Supervision. 
Ps cholo 
TWEED, MAYNARD HORACE 
A Summary and Analysis of 
Bridge Failures. 
Civil En ineerin 
TSANG, MONICA LIK-SHING 
Model Systems for Photophospho-
ry lation. 
Biochemistr 
UTRERA, WILLIAM JOHN 
Filtration of By -Product Calcium 
Sulfate from the Wet Phosphoric 
Acid Process. 
Chemical En ineerin 
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UTTAMABURANA, PRASERT WAHAB, HASHIM BIN ABDUL 
Analysis of Rectangular Plate The Effects of Soil Treatment 
with an Eccentric Circular Hole with Polyethylene Glycol on 
Subjected to Internal Pressure. Moisture Availability, Growth 
Civil En ineerin and Nutrient Uptake of Corn. 
VALLIER, JANE ELIZABETH AA r 
The Poetry of Edward Taylor. WALD, ALLEN JAMES 
~E lish Evaluation of Rotary Tillage 
VANDERPUYE, CHIEF JOHN Systems for Corn Production. 
Age and Growth of Black Crappie A ricultural En ineerin 
Pomoxis nigr_omaculatus (Le Suer WALKER, RICHARD WAYNE 
in Lewis and :lark Lake, Effects of Melatonin on Rat 
Missouri River. Mammary Gland Growth During 
VAZQUEZ-MORALES, MATED Pregnancy and Lactation. 
Analysis of Demand for Corn, ZoM olo~ 
Beans, Wheat and Rice in Mexico. WARNER, ALBERT JOHN 
Economics The Description and Origin of 
VER STEEG, DAVID JAMES the Classic Dikes Associated 
Electric Analog Model of the with Sheep Mountain Anticline 
Regolith Aquifer Supplying Ames, in the Big Horn Basin, Wyoming. 
Iowa. Earth Science 
Earth Science WATKINS, BURTON HARRIER 
VILLANI, ZAMORA LUIS Aviation Education in State 
Agricultural Development Supported Four Year Colleges 
Through Agrarian Reform in and Universities of the United 
Costa Rica. States. 
Economics Industrial Education 
VORA, RAVINDRA R. WEBB, NORMAN LOTT 
Extraction of Copper Ores by Transient Flow in Elliptical 
the Ton -Exchange Techniques. Tubes with Prescribed Dis-
Chemical En ineerin charge. 
VORMELKER, PHILIP ROBERT Mathematics 
The Effect of Dispersions on WHIGHAM, DAVID KEITH 
the Ductility of Chromium. Timing and Rate of Population 
Metalur Reduction on the Performance 
VOSS, DAVID ALBERT of Corn, Zea mays L. 
Solutions of Nonlinear Equations A ronom 
by Differentiation and Integra - WHITAKER, MARY ALICE 
tion. The Politics of Urban Govern -
Mathematics rnent Reform: A Case Study. 
WADDLE, FLOYD ROBERT Government 
Heterologous Modifiers of WILSON, RICHARD ARLEN 
Segregation -Distorter in Droso- Architectual Drafting needs as 
phi la melanogaster.  Indicated by Selected Iowa 
Genetics Industries, Architects, and 
WAGONER, RICHARD E. Engineering Firms. 
Agricultural Equipment Mechanic WINTER, THOMAS WALTER 
Education Needed by Prospective Behavioral Studies on Larvae of 
Mechanics in Northwest Iowa. the Forest Tent Caterpillar, 
A ricultural Education Malacosoma disstria  Hbn. 
Entomolo 
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WISHART, DONALD JOSEPH 
Reactions of Iowa Cattle Feeders 
to Statements about the Fairness 
and Accuracy of the U.S. D.A. 
Cattle on Feed Report and Beef 
Cattle Outlook Information. 
Journalism and Mass 
Communication 
WITIAK, DAVID 
Resolution of Trioxalatocobal-
tate (III) by D- or L-Tris 
(ethylenediamine~ cobalt (III). 
Che
.. 
WONG, EDISON TING-WAI 
Industrial Arts Project Evalua-
tion Guide Based on Quality Con 
trot Principles and Processes 
Used in Industry. 
Education 
YETLEY, MERVIN JOHN 
A Casual Model Approach to the 
Adoption of New Rice Varieties 
in Developing Countries . 
Soc
k 
YOUNG, MARIAN JANE 
Some Approaches to Aromatic 
and Pseudo-aromatic Fluorine 
Compounds. 
Che
er
ZAMECNIK, FRED JOHN 
An Interpretive Language with 
an Associative Data Structure. 
Com uter Science 
ZWAGERMAN, LARRY DALE 
Motivationa L Level and Educa -
tional Aspirations of Financially 
Deprived Iowa 12th Grade 
Students . 
Education 
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Degree Doctor of Philosophy 
1968 - 1969 
The theses are listed in alphabetical order no names of authors. 
Each listing includes the name of the author, the title of the thesis, 
and the department. 
ABBEY, JOSEPH LEO 
Series Representation of Multi-
variate and Sequential Uniformly 
Minimum Variance Unbiased 
Estimates for Exponential Fam-
lies. 
Statistics ,..r.,,,.....,. 
ALSIP, JONATHAN EDWARD 
A More Objective Method of 
Ordering Stimuli on the Intake -
Rejection Continuum. 
Ps cholo 
ANDERSON, ALBIN W. 
Histological Study of Patterns 
of Endocrine Activity During 
Imaginal Diapause in Female 
Culex pipiens pipiens.
Entomo Lo 
APEDAILE, LEONARD PE TRY 
Regional Agricultural Develop-
ment Planning with Linear 
Programing and Simulation. 
Economics 
ASSAF, SAID A . 
Structural and Catalytic Pro-
perties of Lobster Muscle 
Glycogen Phosphorylase. 
Biochemistr 
AUSTIN, DONALD MURRAY 
An Application of Regge Theory 
and Su(3~ Representation Mixing 
to High Energy Reactions Sug-
gesting aSecond A Z Meson. 
P,~:~.~ 
AYERS, JESS LEWIS 
Evaluation of Serum Glutamate 
Decarboxylase levels as a Para-
meter in Assessing Brain 
Damage . 
Veterinar Patholo 
BAILEY, DAVID TIFFANY 
Chemistry of Pretazettine and 
Related Compounds . 
Chemistr 
BAKER, JAMES DENNARD 
Generalized Iterated Limits and 
Results on Weighted Integrals. 
Mathematic s 
BAKER, MARY JEANETTE F. 
Diet, Growth and Related 
Factors of School Children 
Before and After Nutrition 
Education. 
Foods and Nutrition 
BAY., HARPAL SINGH 
HistomorphoLogical Changes in 
the Tubular Genitalia of the 
Sow (Sus scrofa domesticus~ 
as Influenced by Age. 
Veterinar Anatom 
BARNETT, WILLIAM BERKEY 
A Theoretical and Experimental 
Study of Internal Standardiza-
tion in Analytical Emission 
Spectroscopy. 
ChChe
,-
BARRETT, ROBERT JAY 
Electron Transport Theory 
Using Methods of Invariant 
Imbedding . 
Nuclear En ineerin 
BARYON i-iARVEY EUGENE 
Artificial Diet and Diapause 
Studies on Corn Rootworms. 
Entomo to 
A circulating copy of each complete thesis is available in the Iowa 
State University Library, Ames, Iowa. Abstracts of these theses are 
published in Dissertation Abstracts, a microfilm or a photostat copy 
of the thesis may be purchased from Dissertation Microfilms, 313 
N. 1st Ave. , Ann Arbor, Michigan. 
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BELL, LEONARD CLIVE BOY ER, ERNEST WENDELL 
Nature and Transformation of Amylolytic Enzymes and 
Crystalline Phosphates Produced Selected Physiological Pro -
by Interaction of Phosphate perties of Streptococcus 
Fertilizers with Slightly Acid and bovis  and Streptococcus equinus. 
ALkaLine Soils. Bacteriolo 
AA ~r  B OY LE, DAVID JOSEPH 
BERNER, DAVID LEO The de Haas -van Alphen 
Phylogeny of Lipase Specificity. Effect on the F rmi Survace 
Biochemistr of Thorium. 
BETENCOURT, JOAQUIN MANUEL Ph~c~s 
Analysis of Coupled Core Reactors BRADFORD, JOE MICHAEL 
Using the Natural Mode Approxi- The Effect of Soil Overburden 
mation. Pressure upon the Penetration 
Nuclear En ineerin of Fine Metal Probes. 
BIERWAGEN, GORDON PAUL AA r 
Propagation Characteristics of BROADHEAD, DAVID EDWARD 
Interfacial Ripples at the Polari- Electrical Double Layer 
zed Aqueous Solution -Mercury Structure in the Presence of 
Interface. Adsorbed Organic Molecules. 
Che
,. 
Che
er
BLANCHARD, ANDRE FRANCOIS BROWN, COSTELLO LEON 
Income Opportunities and Optimum The Mass Spectra of Monta -
Farm Plans in Southern Mayenne, nine- and Galathamine- Type 
France. Alkaloids: The Structures 
Economics of Pancracine and Habran-
BLISS, SAMUEL WILLIAM thine. 
Elementary and Secondary Edu- Chemistr 
cation Act. Title III, In Iowa an BRYAN, WILLIAM BARTER 
Analytic Study. Voluntary Intake by Grazing 
Education Administration Steers and Digestibility 
BONEAU, DAVID FRANCIS Trends of Tall Fescue and 
Silicon Detector Studies of Reed Canarygrass as Summer 
Nuclear Internal Conversion in and Fall -saved Pasture. 
Sm
155 and Nd15'~. A ronom -Animal Science 
Nuclear Ph sics BUELL, CHARLES HENRY 
BORCHERS, HAROLD ALLISON Steady -State Measurements 
Distribution and Composition of Diffusion Coefficients in 
of Populations of Mites Symbio- the Liquid Bismuth-Tin 
tic on Necrophilous Beetles. System. 
Entomolo Chemical En ineerin 
BORUCH, ROBERT FRANCIS BULKLEY, ROSS VIVIAN 
A Procedure for Estimating the The Reproductive Cycle of 
Amount of Trait, Method, and Yellow Bass, Morone 
Error Variance Attributable to Mississippiensis, in Clear 
a Measure. Lake, Iowa. 
Ps cholo Zo,  o 
BOULETTE, ERVIN THOMAS BULLERMAN, LLOYD BERNARD 
Applications of the Transmission Growth and Aflatoxin Produc-
Matrix Method to Neutron and tion by Selected Aspergilli on 
Gamma Transport. Cured and Aged Meats. 
Nuclear En ineerin Bacteriolo 
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BULOW, FRANK JOSEPH CHANG, SHANG-WANG 
Biochemical Indicators of Recent Equilibrium Points of Non -
Growth of Fishes. Zero -Sum Games and Axiomatic 
Bio~lov~y Derivation of Decision Criteria. 
BUSS, WARREN RUMSEY 
Cellulose Micrcfibril Patterns CHANTALAKHANA, CHARAN 
in Elongating Cells of the Zea Cow Weights and Other Factors 
mays Root Tip. Affecting Calf Weaning Weight. 
A ~r  Anima L Science 
BUSCH, WAYNE ALVIN CHAUDRY, HAJI MOHAMMAD 
Subcellular Events Associated Studies on the Extraction of 
With the Development and Release Myofibrillar Protein from 
of Isometric Tension in Post- Rabbit Striated Muscle. 
Mortem Bovine, Rabbit and Food Technolo 
Porcine Skeletal Muscle. CHRISTENSEN, LEE ROY 
Food Technolo A Survey of Selected Charac-
BUXTON, DWAYNE REVERE teristics of Unaffiliated, Single 
Yields, Densities, Weight of Male Undergraduates Living 
Roots, and Carbohydrate Levels Off Campus at Iowa State 
of Perennial Forages as Affected University. 
by Method of Establishment. Education 
AA 
~r  CLARK, JOHN MELVAN 
CAGE, BOB NY LE Asymoptotic Stability in 
Cost Analysis of Selected Educa- General Systems. 
tional Programs in the Area Mathematics 
Schools of Iowa. CLARK, SAMUEL GEORGE 
Education Administration Estimate of Initial Reading 
GARLSON, MICHAEL C. 3. Readiness by Cross -Perceptual 
The Effect of Gamma Radiation Performance in Auditory and 
on the Conductivity of Sodium Visual Modalities. 
Chloride. Child Develo ment 
Nuclear En ineerin COLLINS, GARY BRENT 
CARLTON, RONALD RAYMOND Implications of Diatom Succes-
Electrochemical Reduction of Sion in Postglacial Sediments 
Isomeric Organic Bromides . from Two Sites in Northern 
Che,- Iowa . 
CARRUTHERS, GARREY EDWARD Botany and Plant Pathology 
An Analysis of Public Investment 
in Iowa State Parks and Recrea-
tion Areas. 
Economic s 
CASH, ROBERT JAMES 
Liquid -Metal Corrosion Effects 
of Iron Additions on Uranium -
Chromium Eutectic in Yetrium. 
Nuclear En ineerin 
CATON, GLORIA MAGLIANE 
Inert Atmosphere Excitation. A 
Complete Spectrographic Quali-
tative Analysis Scheme. 
Cheer
Mathematics and Statistic s 
COMSTOCK, CHESTER ST. JOHN 
A Study of Bias Susceptibility 
Characteristics of Thin Per-
malloy Films. 
Electrical En ineerin 
CONLEY, GARY OLEN 
Genetic Variation in Gastric 
Lesions of Swine . 
Animal Science 
CONN, PATRICIA SULLIVAN 
Asymptotic Properties of 
Sequences of Positive Kernels. 
Statistics 
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CONWAY, JOHN EDWARD DEVIN, PAUL D. 
A Study of Turbulent Diffusion Ability Grouping at the Secon-
Using Spring Echo NMR Tech- dart' Level in the Des Moines 
piques. Public Schools. 
Chemical En ineerin Education Administration 
CORNFORTH, CLARENCE MICHAEL DICKSON, HAROLD DEAN 
High Magnetic Field Properties Estimation of Distributed Lags 
of Gadolinium, Terbium and in the Demand Function for 
Holmium. Money; An Application of the 
Ph~c~s LaGrangian Interpolating Poly -
COULTER, DWIGHT B . nomial to Regression Analysis. 
Interrelationships of the Porcine Economics 
Electrocardiogram with DONOVAN, WILBERTA LIVEZEY 
Erythrocyte and Plasma Electro- Processing Stimulus Variability 
lytes. as a Function of Motivational 
Veterinar Medicine State. 
COWARD, E. WALTER Ps cholo 
The Subsistence to Commercial DRAAYER, JERRY PAUL 
Transition in Agricultural Devel- A Deformed Potential Many-
opment. Particle Theory. 
SoSoc~ P.  h~cs 
CRAWFORD, HAROLD R. DRIVER, HERBERT COLEMAN 
Factors Affecting the Establish- Tenure Forms and Instruments 
ment of Young Farm Operators Impeding or Facilitating Farm 
in Iowa and Implications for Entry and Optimal Resource 
Agricultural Education. Efficiency. 
Education Economics 
CURRENCE, HOWARD DAVID EASON, BRUCE ALAN 
Development of a Method for Purification and Properties of 
Measuring and Describing Soil Skeletal Muscle Microsomes. 
Surface Roughness. Animal Science 
A ricultural En ineerin ELLSWORTH, ROBERT KING 
DAELLENBACH, LAWRENCE A. Chlorophyll a Biogenesis. 
Effects of Short -Run Variation Biochemistr 
in Input Supplies on Costs, Pro- ELSON, MICHAEL KAHLER 
fits and Firm Strategy -The Prodigiosene. 
Pork Slaughter Industry. Biochemistr 
Economics ELWELL, JAMES HALSEY 
DAY, STANLEY GORDON Deterioration Zone Petrology 
A Mode L of Accomodative - of Selected Highway Concretes . 
Pupillary Dynamics. Earth Science 
Electrical En ineerin ENGQUIST, MICHAEL LAWRENCE 
DE GRACIE, JAMES SULLIVAN Existence of Solutions for 
Analysis of Covariance when the Differential Equations with 
Concomitant Variable is Measured Multivalued Right-hand Side. 
with Error. Mathematics 
Statistics EPSTEIN, ABRAHAM HAROLD 
DENN~ER ELVIN WALTER Ceratocystis ulmi (Buism. ) 
Biology of the Nematode C. Moreau in Roots of Ulmus 
~Vlermis subnigrescens Cobb. Americana  L. 
ZoN ol~o~ Plant Patholo 
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ERBYNN, WILLIAM KOBENA G. 
Econometric Analysis of the 
Citrus Cycle in the United States 
and Two Selected Regions. 
Economics 
ERISMAN, ALBERT MAURICE 
An Algorithm for Eigenvectors 
of Non-Hermitian Matrices. 
Mathematics. 
ERSKINE, WILLIAM 
Predictive Control of an Extrac-
tion Column. 
Chemical En ineerin 
ERWIN, JEAN HOCKING 
Interrelations of Peer Acceptance 
Intelligence, Motor Performance 
and Constitution in Fourth-Grade 
Boys. 
Child Develo ment 
ESAU, KENNETH LLOYD 
Carabidae (Coleoptera) and 
Other Arthropods Collected in 
Pitfall Traps in Iowa Cornfields , 
Fencerows, and Prairies. 
Entomolo 
FARNSWORTH, KIRK EDWIN 
The Vocational Interests of 
Women: A Factor Analysis of 
the Women's Form of the Strong 
Vocational Interest B lank. 
Ps cholo 
FLEMING, GERALD STEPHEN 
Electronic Properties and Mag-
netic Ordering of Light Rare -
Earth Metals. 
P .~ 
FOCHT, DENNIS DOUGLASS 
The Degradation of P-Toluene-
sulfonate by a Species of Pseudo-
mona s . 
Bacteriolo 
FORRESTER, JOHN HAROLD 
Flow Through aConverging -
Diverging Tube and its Implica -
tions in Occlusive Vascular 
Disease. 
En ineerin Mechanics 
FRAMINGHAM, CHARLES F. 
An International Analysis of Pro-
jected Cereal Grain Production, 
Requirements and Trade and its 
Implications for Importing 
Nations, Major Exporters and 
the Fertilizer Industry in 
1975, 1985 and 2000. 
Economics 
FRANK, KENNETH DALE 
Yield and Chemical Composi-
tion of Bactylis Glomerata 
as Influenced by Genotype and 
Management. 
A ronom 
FRITTON, DANIEL DALE 
Soil Water Redistribution 
During Evaporation. 
A ronom 
FROST, ROBERT REX 
Evaluation of Surface Areas 
from Chromatographic and 
Gravimetric Adsorption Data. 
Che
~ 
FULEIHAN, JOSEPH SALIM 
The Empirical Estimation of 
Substitution Terms from 
Demand Analysis. 
Economics 
FURBISH, FRANCIS SCOTT 
The Binding of Pyridoxa l 
Phosphate Analogs to Glutamic 
Oxaloacetic Transmina:ae. 
Biochemistr 
GALE, WILLIAM F. 
Bottom Fauna of Pool 19, 
Mississippi River with Empha -
sis on the Life History of the 
Fingernail Clam, Sphaerium
Transversum. 
B i o....,. ~ °.~~. 
GALLAGHER, RICHARD RAY 
Resistive N -port Network 
Synthesis Utilizing Lagrangian 
Tree Structures. 
Electrical En ineerin 
GAULT, WILLIAM ANDREW 
Investigations of Some Rhenium 
Compounds and the Structure 
of the Mesoperrhenate Ion. 
Chemi~s~ trx ,..,.. 
GIBBS, GORDON LYNN 
Use of Computer Simulation to 
Examine the Validity of 
Getzels' and Guba's Model in 
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Terms of its Ability to Predict 
Administrative Behavior . 
Education Administration 
GLESS, ELMER ELDEN 
Life Cycle Studies of Some 
Antarctic Mites and Description 
of a New Species, Protereunetes 
paulinae, Sp. N. (Acri Eupodidae). 
Zo... °~°.~' 
GOLDSBERRY, KENNETH L. 
Plant Growth Response to the 
Transmissivity of Glass Rein-
forced Thermosetting Plastic 
Panels . 
Horticulture 
GRANHOLM, NE LS HAMILTON 
Avian Ga strulation - A Fine -
Structural Approach. 
Z o. ~ o l.°~~ 
GREIMAN, WILLIAM HENRY 
A New Approach to Representa-
tions of the Lorentz Group. 
P,  ~h s~l.:S 
GUSTAFSON, JOHN ALFRED 
Selected Factors in Councelee 
Preference for Male and Female 
Counselors. 
Education ,.,,...,.r.,.,...,. 
HADDIX, GEORGE FRANKLIN 
The Latrice of Intermediate 
Fields of a Purely Insep arable 
Extension. 
Mathematic s 
HAGLUND, RONALD EMIL 
An Algorithm for the Recogni-
tion of Handprinted Alphameric 
Characters. 
Electrical En ineerin 
HAMILTON, JAMES BECLONE 
The Synthesis and Characteriza-
tion of Some Alkyl Sulfide Com-
plexes of Niobium (IV). 
Che
,-
HARB ER, PHY LLIS ANN 
Morphological and Cytological 
Observations on the Early 
Development of Culiseta inornata 
(Williston. 
Z o. ~l° .~ 
HARBISON, TAD 
A Mechanistic Investigation 
of the Photochemistry of 
4, 4_Dimethyl-Z-cyclophexenone. 
Che
,-
HARDING, JAMES ALFRED 
Effect of Spatial Arrangement 
of Corn on Establishment and 
Control of the European Corn 
Borer. 
Entomolo 
HAZARD, JOHN WILLIAM 
Optimal Replacement Strategy 
for Successive Forest Surveys 
with Multiple Objectives. 
For
.
HENDERSON, ALLEN JAMES 
Actuaria l Methods for Estimat-
ing Mortality Parameters of 
Industrial Property. 
Civil En ineerin 
HIGH, JOE W . 
Selection Indexes for Beef 
Cattle . 
Anima L Science 
HOFFMAN, MARK PETER 
The Effect of She lter and Paving 
on Performance of Yearling 
Steers. 
Animal Science 
HOGUE, RONALD DEAN 
Reactions and Characterization 
of Compounds Containing Tung s -
ten Halide Cluster Species. 
Che
er
~LOLLOWAY, CLARKE LEE 
Changes with Age in the Eye of 
the Dog and Hog from Birth to 
Senility. 
Veterinar Anatom 
HUANG, CHARLES YUNG 
Physical Properties and Cata-
lytic Function of Glycogen 
Phosphorylase. 
Biochemistr 
HUGGANS, JAMES LEE 
Influence of Egg Source on the 
Efficacy of European Corn 
Borer Larvae. 
Entomolo 
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HUHN, RONALD G. 
Chemoprophylaxis, Chemotherapy 
and Economic Effect of Swine 
Enzootic Pneumonia. 
Veterinary Microbiolo 
HUSTED, RICHARD REX 
Biosynthesis and Reactions of 
Cyclic Hydroxamates in Maize. 
Biochemistr 
IHRIG, PHILIP JOHN 
Part I. Electron Impact Forma-
tion of Phenalenium Cation; 
Part II. Mass Spectral Rearrange-
ments of Organosilanes. 
Che
er
JAMES, ALLAN LACY 
Some Influences of Soi L Atmo -
sphere on Germination of Annual 
Weeds. 
Botan and Plant Patholo 
JAMES, HUGO ALVIN 
Studies of Genus  Mesocestoides
(Cestoda: Cyclophyllidea). 
JANZEN, GALEN JAY 
Molecular Structure of Gaseous 
Hydrogen Fluoride Polymers 
and of the Vapors of the See L 
Complexes. 
Che .~' 
JOHNSON, HERBERT ALLEN 
Effects of Grate Cooler Dynamics 
on Cement Process Simulation. 
Chemical En ineerin 
JOHNSON, ROSS GLENN 
Fine Structure and Physiology 
of Cardiac Muscle in the Spider, 
Dugesiella hentz. 
Cell Biolo 
JOHNSTON, ARDEN EUGENE 
Audio-Tutorial Versus Tradi-
tional Instruction in Seventh 
Grade Mathematics in the Boone 
Junior High School. 
Education Adminstration 
JUFFER, VIRGINIA MAHANNAH 
Socialization of Children with 
Varying Levels of Originality: 
An Analysis of Parent -Child 
Interaction. 
Soci
~ 
KASSMAN, ALLEN JAY 
Kenetics of Methyl Iodide -
Iodine Exchange in a Shock 
Tube. 
Che
er
KAVANAGH, MICHAEL JOHN 
Subordinates' Satisfaction as 
a Function of their Supervisor's 
Behavior . 
Ps cholo 
KEATING, JOHN JOSEPH 
Gamma -Irradiation Effects in 
Single -Crystalline Barium 
Titanate . 
Nuclear En ineerin 
KEIGHLY, JANET SUE 
Life History of Corynosoma 
constrictum  Van Cleave 
(Acanthocephala: Polymor-
phidae) . 
Z ,..o.,°  l  °.~; 
KENNEDY, DAVID COLIN 
Sulfoxides as Solvent Extrac-
tion Reagents for the Analytical 
Separation of Metal Ions. 
Che
.X 
KENWORTHY, JOY ANNE 
Personality Characteristics 
Associated with Effectiveness 
in Psychotherapy 
Ps cholo 
KAHN, MOHAMED SHAHEED 
Fungal Associates of  Juglans 
nigra L. 
Botan and Plant Patholo 
KIRK, ROBERT JAMES 
Urban-Industrial Growth 
Potentials in Regional Economic 
Development. 
Economic s 
KLIEGER, DOUGLAS MYLES 
An Investigation of the Influence 
of Response Sets on the 
Holtzman Projective Technique. 
Ps cholo 
KNOECK, JOHN WILLIAM 
High Precision Constant Cur-
rent Coulometric Assay of 
Primary Standard Oxidizing 
Agents . 
Che
er
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KOEPKE, BF'RRY GEORGE LEE, SOO-NYONG 
The Effect of a Dispersed Magnetoresistance of N -Type 
Second Phase on the Mechanical Magnesium Germanide. 
Properties of Copper Containing Ph~cs 
Two Weight Percent Cobalt. LEWIS, WILLLAM CRIS 
Metallur An Econometric Model of Urban 
KRIEG, RICHARD E. JR. Rural Economic Structure and 
Characterization of the DNA of Development. 
Microorganisms . Economic s 
Bacteriolo LUCAS, GENE ALLAN 
KRUSKOP, LE ROY L. A Study of the Siamese Fighting 
A Skilled Needs Survey with Fish, Betta splendens, with 
Implications for Vocational- Emphasis on Color Mutants and 
Technical Education Within the the Problem of Sex Determina-
Area Six Community College tion. 
District. Genetics 
Education Administration MC DONALD, STANLEY C. 
KUNISH, JERRY P. The Hyperplane Formalism and 
Effects of Desferrioximine and Its Application to the Theory of 
Iron on Hematologic Values, Elementary Particles. 
Urinary Iron and Antiferitin Ph~cs 
Antibody Production in the Pig. MC DONNEL, JOHN JOSEPH 
Veterinary Ph siolo Semidiones in the Bicyclo 
LANDOLT, JACK PETER (3.1.0) Hexane System. 
Information Processing from Chemistr 
Chemoreceptors. MC FADDEN, JAMES HUGH 
Electrical En ineerin Solution of the Space -Time 
LAUDA, ROBERT JOE Dependent Neutron Kinetics 
Effects of Common Manipulative Equations for a Reflected 
Driving Tasks as they Affect Slab Reactor. 
Physiological Composure of Nuclear En lhe.:.rin 
Experienced Drivers. MC GINNIS, MICHAEL RANDY 
Education Selected Aspects of the Biology 
LAUNDERGAN, J' CLARK of  Hyalopsora Polypodii  (Pers. ) 
Socio-Cultural Integration, Change Magn. on Cystopteris fragilis 
and Social Power in a Vacation (L) Bernh. M c^
Community: A Case Study with MC MILLAN, JAMES ANGUS 
Methodological Implications. Public Systems in Rural -urban 
Socio Lo Development. 
LEACH, BRUCE EUGENE Economics 
Metal Ion Complex Catalysis of MADSEN, LARRY CHARLES 
Amino Acid Ester Hydrolysis. Hamiltonian Formalism Applied 
Che^ ~ to Multidimensional Reactor 
LEE, BONG KYU Systems and Related Concepts. 
Neutron Act. ivation Analysis Nuclear En ineerin 
Applied to Arsenic Determination. MAGNINI, NICHOLAS J. 
Nuclear En ineerin A Thermodynamic Study of 
LEE, MOTOKO Phase Stability in the Transi-
A Study of Managerial Behavior. tion-Metal Rich Phases of the 
Soci^ Thorium-Iron, Thorium -Cobalt, 
and Thorium -Nickel Systems 
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and the Copper Rich Phases of 
the Thorium -Copper System. 
Meta Llur 
MALKUS, HERBERT LEON 
Conformational Studies of 
Acyclic Semidione s . 
Che
er
MANNING, GLENN HERBERT 
Demand Relationships for Out-
door Recreation in Iowa. 
FoFOT .~ 
MARKLAND, FLAVE EUGENE 
Influence of Nitrogen and Potas-
sium on Growth, Chemical Com-
position and Anatomical Structure 
of Agrostis palustris  Huds. 
ronom 
MARLEY, JERRY JAMES 
Behavior of Granular Materials 
Under Triaxia l Compression with 
Pulsating Deviator Stress. 
Civil En ineerin 
MARQUEZ-SANCHEZ, FIDEL 
Influence of Half -sib Family Size 
on the Estimation of Genetic 
Variances in Maize. 
A ronomy 
MARTIN, FRANK BURKE 
Contributions to the Theory of 
Estimation in the General Linear 
Mode L. 
Statistics 
MARTINSEN, JOHN LOUIS 
Numerical-Explicit Boost -to -
Orbit Targeting Scheme. 
Aeros ace En ineerin 
MEDINA-CASTRO, JORGE 
Norprodigiosin. 
Biochemistr 
MEDINA, DE LUZ BASCUR 
Incorporation of C -l4 Into 
Prodigiosin. 
Biochemistr 
MEHLER, ERNEST LOUIS 
Electron Correlation in Diatomic 
Molecules. Exchange Integrals 
and Separated Pair Calculations 
on Lithium Hydride and Boron 
Hydride . 
Ghe
„
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MENCKE, REED ALAN 
A Programmed Approach to 
the Application of Educational 
Psychology: The Teacher 
Viewed as an Inductive Theorist. 
Ps cholo 
MENSING, RICHARD WALTER 
Method of Images in the Plane. 
Statistics 
MEY SRS, LARRY DUANE 
A Skilled Needs Survey with 
Implications for Vocational-
Technical Education Within the 
Iowa Western Community College 
District Area XIII Including 
Douglas and Sarpy Counties of 
Metropolitan Omaha, Nebraska. 
Education Administration 
MiAH, MD. ABDUL HA MID 
Effect of Temperature During 
Early Stage of Curing Upon 
Cheddar Cheese Characteristics. 
Food Technolo 
MITCHELL, JAMES EARL 
Administration and Utilization 
of School Facilities by School 
and Nonschool Groups in Iowa. 
Education Administration 
MOLNAU, MYRON PAUL 
Inf luence of Some Environments L 
Factors on CIPA Movement 
into Soil . 
A ricultural En ineerin 
MICK, DAVID LEE 
Metabolism of Parathion by Two 
Species of Rhizobium.
Entomolo 
MONFORT, CHARLES EDWARD 
Use of Selected Variables in 
the Prediction of Student Success 
in Physics in the Public Com-
munity Colleges of Iowa. 
Education 
MOORS, JOHN VERNE 
Response to Selection in 
Tribolium Castaneum. 
Animal Science 
MOORS, ROBERT PAUL 
Influence of Temperature on Mac-
romolecular Composition of 
Escherichia coli. 
Bacteriolo 
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MORRIS, CHARLES EDWARD 
Piezoreflection of Dilute Ag-In 
Alloys. 
P,  his : .c. s 
MULLENDORE, WALTER EDWARD 
An Economic Simulation Model 
for Urban -Regional Development 
Planning . 
Economics 
MUNSTER, RICHARD DE LBERT 
Assessment of Teacher Induction 
Practices in Iowa Schools as 
Experienced by Iowa State Uni-
versity Graduates. 
Education Administration 
MURTHA, TIMOTHY PAUL 
Synthesis of Antibody F luoro -
chromes Derived from Coumarin. 
Che
,. 
MUSIL, JOSEPH DONALD 
Digital Stability Analysis of 
Power Generating Units. 
Electrical En ineerin 
MYERS, CHARLES LOUIS 
Aromatic and Heterocyclic 
Semidione s . 
Che
er
NASR, HAMDI ALI 
Physiological and Histological 
Studies of the Nauroendocrine 
Complex During Diapause and 
Non-diapause Development of 
the European Corn Borer 
Ostrinia nubilalis (Hiibner~. 
Entomolo 
NAQVI, SYED TAQI MOHAMMAD 
Inference for Components of 
Variance Models. 
Statistics 
NELLIS, WILLIAM JOEL 
Thermal Conductivity and 
Lorenz Function of Gadolinium, 
Terbium, and Holmium Sing Le 
Crystals. 
P .~ 
NOBLE, CALVIN ATHELWARD 
Effect of Temperature on 
Strength of S~1lS. 
Civil En ineerin 
O'BRIEN, JOSEPH NICHOLAS 
Stability and Error Analysis of 
Linear Multistep Methods. 
Mathematic s 
O'HARE, MARVIN GEORGE 
Collective Negotiations as 
Perceived by Iowa Teachers 
and Superintendents. 
Education Administration 
OMVIG, CLAYTON PHIL 
Characteristics of the Dis-
advantaged Residents and 
Potential Human Resources in 
Area XI Community College 
District. 
Education .,. 
ONG, CHING CHING TAN 
Part I. Gas Phase Pyrolysis 
of Organic Oxalates; Part II. 
Reactions of Chromium (II) 
with Organic Oxalates. 
Che
,- .~' 
PARKER, ORMOND JERRY 
Kinetics and Mechanisms of 
Electron Transfer Reactions 
of Metal Complexes. 
ChChe
,-
PENG, TSU-JIUMM 
Hereditary Materials with 
Local Structure. 
En ineerin Mechanics 
PESHO, GEORGE ROBERT 
Effect of Cytoplasmic Male 
Sterility and Pollen Restorer 
Genes on First Brood European 
Corn Borer Resistance Among 
Different Genotypes of Hybrid 
Corn. 
Entomolo 
PETERS, MARK ANTHONY 
Analytical Separations of Metals 
by Column Chromatography on 
MicrocrystaLline Cellulose. 
Che
,~' 
PETERSON, RICHARD RAY 
Controlled Practice in the 
Training of Elementary Teacher: 
Education 
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PEURA, ROBERT ALLAN 
An Experimental Transfer Func-
tion Relating Oxyhemog Tobin 
Concentration to B food Flow Rate 
in the Canine Hind Limb and Its 
Use in Controlling An Artificial 
Heart. 
AA r 
PIEDAD, FELICITAS FLORENDO 
The Effect of the Quality and 
Quantity of Various Dietary 
Proteins on the Immune Response 
of Rats. 
Foods and Nutrition 
PLATO, PHILLIP ALEXANDER 
Predicting the Movement of a 
Radionuclide Through Soil. 
Civil En ineerin 
PORTER, SPENCER KELLOGG 
Some Crystal Structures of 
Pyridinium Salts of Haloanti-
monate Anoins. 
Che
er
PRICE, JAMES ARLIE 
Properties of the Ascorbic Acid 
Oxidase of Myrothecium verru-
caria in vivo. 
Botan and Plant Patholo 
PRICE, SHARON J. 
Factors Related to Marital 
Adjustment of Married College 
Students at Iowa State University. 
Soc
k 
PUGH, GEORGE WASHINGTON JR. 
Characterization of Moraxella 
bovis  and Its Relationship to 
Bovine Infectious Keratoconjunc-
tiviti s . 
Veterinar Microbiolo 
PUGH, RAYMOND HILL 
Effect of In -Service Training and 
Workshop Training on the Ability 
to Teach Creatively. 
Education Administration 
QUINIONES, SEBASTIAN SARCEDA 
Soybean Mosaic. 
B otan and Plant Patholo 
QUTUB, MUSA YACUB 
The Objectives of the Earth 
Science Curriculum Project: An 
Evaluation of their Achievement. 
Earth Science 
RAKHA, FAROUK AHMED 
Production and Genetic Analysis 
of New A -B Translocations in 
Maize. 
Genetics 
RASCHKE, RONALD LE ROY 
Algal Periodicity, Primary 
Productivity and Waste Reclama-
tion in a Teriary Sewage Stabi-
lization Pond Ecosystem. 
Botan and Plant Pat hoer -. 
REICH, V ERNON HENRY 
Application of a Statistical 
Model for Stability of Produc-
tion in Grain Sorghum 
Sorghum bicolor (L, ~ Moench. 
A ronom 
REIERSON, JAMES DUTTON 
Measurements with aBent-
Crystal Spectrometer. 
P,.~ s.;w. 
REILLY, ANTHONY JOSEPH III 
The Effects of Different Leader-
ship Styles on Group Performance 
A Field Experiment. 
Ps cholo 
RICHARD, JOHN LEE 
Taxigenic Fungi Associated 
with Stored Corn with Specia L 
Emphasis on the Toxigenicity 
of Trichothecium roseum. 
Botan and Plant Patholo 
RIBBER, VILAS VERNON 
Design and Construction of 
Microstrip Circulators. 
Electrical En ineerin 
ROB ERTS, B LAINE 
An Extension of Utility Theory. 
Economics 
ROBERTSON, THY RE LE 
Structure, Performance and 
Conduct of the Peruvian Fer-
tilizer Industry and a Linear 
Programming Analysis for 
Future Fertilizer Plant Sizes 
and Locations. 
Economics 
ROB SON, RICHARD MORRIS 
Purification and Properties of 
A-Actrinin from Rabbit 
Striated Muscle. 
Biochemistr 
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ROGNLIE, DALE MURRAY 
Generalized Integral Transforms. 
Mathematic s 
ROMERO, GALO EDMUNDO 
Inheritance of Height and Asso-
ciation Among Height, Yield and 
Yield Components in Wheat. 
AA r 
ROSENZWEIG, MARTIN STEPHEN 
Ordered Estimators for Skewed 
Populations. 
Statistics 
ROUX, CARL ZIERVOGEL 
The Mathematical Theory of 
Genetic Loads. 
Statistics 
RUEBEL, MARION ALBERT 
Utilization of Teacher Time in 
the Secondary Schools of Iowa. 
Educational Administration 
RUNYON, JAMES ROSS 
The Binding Mechanism of 
Schar~.inger Dextrin Complexes 
as Measured by Spectroscopic 
Methods . 
Biochemistr 
SANDERS, DANA ROY 
Structure and Pattern of the 
Herbaceous Understory of 
Deciduous Forests in Central 
Iowa . 
Botan and Plant Patholo 
SANDLRR, BRUCE ERIC 
Dieldrin Exposure and Vigilance 
Behavior in Sheep. 
Ps cholo 
SARASWATHI, L. S. 
Processes for Identifying Educa-
tional Needs of Adults. 
Home Economics Education 
SATTERLEE, LOWELL DUGGAN 
An Electrophoretic and Chromo-
tographic Study Concerning the 
Micro-Heterogeneity of Bovine 
Muscle Myoglobin. 
Biochemistr 
SEELY, JUSTUS FRANDSEN 
Estimation in Finite -Dimensional 
Vector Spaces with Application to 
the Mixed Linear Model. 
Statistics 
SELLERS, HALLIBURTON IAN 
The Effect of Certain Factors 
on Weaning Weight and Weaning 
Grade of Beef Cattle. 
Animal Science 
SENNE, JOHN KEITH 
Electrochemical and Nuclear 
Magnetic Resonance Spectro-
scopy Studies of Phenol Red 
and Related Compounds . 
Che
er
SHANNETTE, GARY WAYNE 
Single Crystalline Elastic 
Constants of the MgCu, Mg Zn 
System. 
Meta l fur 
SHERMAN, RICHARD CLARK 
The Effects of Effectance 
Arousal, Patterning of Informa-
tion, and Attitude Similarity 
Upon the Intensity of Interper-
sonal Attraction Responses. 
Ps cholo 
SHOULTZ, WERNER WILLIAM 
Chains of Minimal Generating 
Sets of Inseparable Fields. 
Mathematic s 
SIE, CHARLES H. 
Memory Cell Using Bistable 
Resistivity in Amorphous 
As-Te-Ge Film. 
Electrical En ineerin 
SINGH, NAIN DALEEP 
Histopathology of Different 
Host Plants Infected by Three 
Isolates of Heterodera  trifolii. 
Botan and Plant Patholo 
SINOVEC, RICHARD FRANK 
Norm Reduction Algorithms 
for Eigenvalues and Eigen-
vectors of a Matrix. 
Mathematics 
SMARDZEWSKI, RICHARD R. 
Infrared Spectra and Vibrational 
Analysis of Some Dimeric 
Transition Meta L Pentaha fide s . 
Che
,. 
SMITH, DAVID WARREN 
Solubility Behavior of the Nickel 
(II), Palladium (II), and Platinum 
(II). Complexes of Some Vic-
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Dioxime s . 
SOLTIS, FRANK GERALD 
Automatic A L Location of Digita L 
Computer Storage Resources 
for Time-Sharing. 
Electrical En ineerin 
SOUDER, WALLACE WILLIAM 
Lifetimes of Deeply Imbedded 
Positrons in Metals. 
P .~ 
SOULTS, DONALD JAY 
Asymptotic Value Disgributions 
for Matrix Games. 
Statistics 
SPEERS, GEORGE MICHAEL 
Connective Tissue Components 
of the Avian Aorta in Athero-
sclerosis and Aging. 
Poultr Science. 
STANFORD, E. PERCIL 
Anticipation of Retirement by 
Military Personnel. 
SoSoci,~ 
STEFANOWICZ, JOHN PAUL 
The Resolution of Inequity by 
Outpatient Schizophrenics. 
Ps cholo 
STEPHENS, ROBERT LEE 
Major Housenold Appliance 
Service Technician Training 
Needs of Iowa. 
Industrial Education 
STERZING, PETER RALPH 
The Untrastructure of Lipid 
Adsorption and Transport in 
B ovine Intestinal Muco sa . 
Biochemistr 
STEVENS.~'N, KENNETH ROSS 
The Effects of Environmental Var 
fables and Plant Morphology on 
Leaf Resistances, Leaf Tempera 
tures and Relative Water Content 
in Soybeans. 
Climatolo 
TAFF, LO~TIS MICHAEL 
Nb9 
Nuclear Decays of Zr 97 and 
Ph.~'sl.:S 
THOMSUN, CORDON MERLE 
Selection of Sires for Use in 
Artificial Breeding. 
Animal Science 
TOKSOZ, SADIK 
Drain Spacing Formulas and 
Nomographs for Stratified Soils. 
Civil En ineering 
TOLMAN, HUBERT STANLEY 
Inbreeding in Small Populations 
of Fowl Undergoing Selection. 
Com uter Science 
TRAMBLEY, J. BRIAN 
Comparison of Job Conceptions 
of Entering Students and 
Graduates of Engineering 
Technology. 
Education 
TRULIN, DARRYL JON 
A Method for Computing the 
Pressure Distribution about an 
Axi symmetric Nacelle in 
Subsonic Flow. 
Aeros ace En ineerin 
TRUPP, CLYDE RULON 
Improvement of Seedling Vigor 
of Smooth Bromegrass (Bromus 
inermis Leyss.~ by Recurrent 
Selection for Increased seed 
Weight. 
A ronom 
ULRICH, MARTIN ALBERT 
Optimal Settlement Systems in 
Rural Areas. 
Economic s 
VANDERWILT, CARL EUGENE 
Member Bank Borrowing: A 
Microeconomic Approach. 
Economics 
- VANDERWILT, ROBERT B . 
Differences in Perception 
- Among Students and Residence 
Hall Employees at Mankato 
State College. 
Education 
VAN SLOOTEN, ROBERT 
A Macroeconometric Analysis 
of the Medium-Term Economic 
Development Prospects of Peru. 
Economics 
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VERMILYEA, BARRY LYNN WILDMAN, RUTH BOWMAN 
The Fate of Radio Labeled Studies on the Nucleoplasm 
Botulinal Toxin Within the and the Photosynthetic Pigment 
Animal Body. System of Blue -Green Algae. 
Food Technolo _Cell Biolo 
WAGNER, DONALD FINCH WINEINGER, THOMAS WAY NE 
Ultrastructure of the Bud Singular Perturbation Techni-
Graft Union in  Malus. ques and its Application to a 
Horticulture Dynamic Thermo-elastic 
WALKER, DAVID A. Problem. 
A Dynamic Model of the Firm - Mathematic s 
Estimated and Applied. WOODWORTH, WAYNE LEON 
Economics Integrals over Proto-Rings. 
WEIRICK, LAWRENCE JOHN Mathematics 
The Effect of Stress on the Low- WORKMAN, HAROLD WILLIAM 
Temperature Oxidation of Niobium Fixed Classifier Pattern 
Metallur Recognition Using Iteratively 
WELTHA, DAVID A. Produced Preprocessing. 
Some Relationships Between Electrical En ineerin 
Religious Attitudes and the Self - WRIGHT, BRUCE HALL 
Concept. Impacts of Alternate Transpor-
Child Develo ment tation Policies on Industrial 
WHEATON, FREDRICK WARNER Location and Regional Agricul-
Effects of Various Electrical tural Development. 
Fields on Seed Germination. Economics 
A ricultural En ineerin YARBROUGH, JAMES PAUL 
WHITTLE, PHILIP ROGER A Model for the Analysis of 
Semidiones Derived from Receiver Responses to Com-
Bicyclic Hydrocarbons. munication. 
Che
,~ 
Sock 
WIER, DONALD RAYMOND ZINGG, ROY JAMES 
Solulaility of Hydroxylapatite Structure and Organization of 
and Some Phosphate Rocks. a Pattern Processor for Hand-
A ~r  printed Character Recognition. 
WILL, JERALD DUANE Electrical En ineerin 
Nuclear Spin Relaxation of ZIV, MOCHE 
Hydrogen in Thorium Hydrices. Elastic Wave Propagation for 
P is Plane Strain Problems by the 
Theory of Characteristics. 
Engineering Mechanics 
ZYSKIND, JUDITH WEAVER 
Studies of the Chromosome of 
Bacillus Subtilis. 
Bacteriolo 
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